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PREFACE, 


The  author  does  not  profess,  in  the  following  pages,  to  fur- 
nish the  geological  proficient,  with  descriptions  of  new  forms 
of  mountain  rock,  or  mineral  superposition ;  nor,  had  he  pos- 
sessed any  such  store  of  original  observation,  would  he  have 
deemed  this  the  fitting  occasion  to  display  it.  His  leading 
object  has  been  to  distribute  the  most  interesting  and  best 
established  truths|^  illustrative  of  the  structure  and  revolu- 
tions of  the  earth,  in  the  order  of  their  physical  connexions 
and  causes;  whence  certain  general  inductions  might  be 
legitimately  seen  to  flow.  In  executing  this  task  he  has  drawn 
freely  from  every  authentic  source  of  geological  knowledge 
within  his  reach — careful  merely  to  quote  bis  authorities, 
and  to  acknowledge  his  obligations;  without  descending 
to  such  minuteness  of  reference  as  might  savour  of  pedantry. 
He  has  honestly  endeavoured  to  seek  the  proper  end  of 
philosophy,  by  arranging  multifarious  and  seemingly  dis- 
cordant facts,  into  a  chain  of  natural  links;  an  object 
which,  if  even  partially  gained,  will  constitute  the  chief 
novelty,  and  recommendation  of  his  work. 

There  is  one  treatise,  the  Geology  of  England  and 
W.ales,  by  Conybeare  and  Phillips,  to  which  his  debt  is  so 
considerable,  as  to  call  for  preliminary  avowal.  He  has 
followed  in  his  account  of  secondary  superpositions,  the 
route  so  ably  traced  in  their  "  inestimable  work,"*  under 
a  conviction  that  this  island  offers  in  its  geology  an  epitome 

•  So  styled  by  Dr.  Buckland,  Geol.  Trans.  2d  Ser.  Vol.  II.  p.  124. 
Such  also  was  the  sentiment  of  Dr.  Wollaston,  that  bright  star,  whose 
early  setting  under  our  horizon.  Friendship  and  Science  equally  deplore. 
In  one  of  the  familiar  interviews  with  him  which  rendered  my  visits  to  the 
metropolis -so  delightful,  he  pointed  to  the  ne¥r\^  i^t\:kVvs^v^dLNc\>^s\&  o^ 
Conybeare  and  Phillips  lying  on  his  table,  &a]}\tvg,  **  \!tv«^  \&'^^\mJ^ 
book  for  the  price,  but  it  is  the  cheapest  that  V\no^'' 
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of  the  globe,  so  that  the  observer  who  makes  himself 
familiar  with  our  strata,  and  tlie  fossil  remains  which  they 
include,  has  not  only  prepared  himself  for  similar  inquiries 
in  other  quarters,  but  is  already,  as  it  were,  acquainted  by 
anticipation  with  what  he  must  expect  to  find  there.*  And 
he  indulges  the  hope  that  his  volume  may  prove  an  intro- 
duction and  incentive  to  the  study  of  theirs. 

The  author  has  likewise  diligently  availed  himself  of  the 
ample  means  accumulated  in  the  Ossemens  FassUes  of  Baron 
Cuvier,  the  Philosophical  and  Geological  Transactions,  &c. 
of  enlivening  the  dark  catacombs  of  the  earth,  by  inter- 
spersing among  his  descriptions  of  its  mineral  planes,  an 
account  of  their  ancient  tenants.  By  transferring  to  his 
pages,  systematic  exemplars  of  the  analytical  science  dis- 
played by  the  great  naturalist  of  France,  in  restoring 
antediluvian  zoology,  he  expects  to  make  them  peculiarly 
attractive  to  the  English  reader. 

In  a  book  intended  for  general  perusal,  perhaps  an 
apology  may  be  due  for  the  apparent  abstruseness  of  the 
chapter  on  Light.  But  this  was  a  subject  of  such  vital 
interest  to  the  proposed  line  of  inquiry,  that  the  author 
would  have  deemed  himself  highly  culpable,  either  to  have 
omitted  it  altogether,  or  to  have  treated  it  in  a  more 
superficial  manner.  He  has  spared  no  pains  to  simplify 
the  disquisition ;  and  he  believes  that  a  moderate  mental 
effort  will  surmount  every  obstacle  to  its  comprehension. 
At  any  rate,  the  conclusions  are  perfectly  clear  and  satis- 
factory. 

The  liberal  spirit  of  the  Publishers  has  enabled  him  to 
enrich  the  work  with  a  series  of  illustrations  in  copper 
and  wood,  numerous  and  costly  much  beyond  the  general 
rule  of  the  trade;  advantages  for  which  he  is  truly  grateful. 

Gkugow,  Jan,  26th,  1829. 

*  See  Dr.  Fitton's  eloquent  Inaugural  Address  from  the  President's 
Chair,  to  the  Qeolo^csl  Socieiyi  Feb.  5th,  1828. 
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The  formation  and  revolutions  of  the  earth,  are  sub- 
jects of  the  highest  interest  to  man,  and  have  exercised  . 
inquisitive  minds  in  every  age.  The  first  philosophy  of 
Greece  consisted  of  physical  cosmogony,  discussed,  how- 
ever, in  a  metaphysical  manner.  Ideal  elementary  powers 
and  substances  were  assumed,  to  which  a  multitude  of  phe- 
nomena, ill-observed  and  falsely  grouped,  were  referred. 
To  deduce  one  efficient  cause  from  the  careful  collation  of 
analogous  effects,  was  too  humble  and  irksome  a  process, 
for  the  masters  of  the  Ionic,  Italian,  or  Attic  schools. 
Their  spirit  was  essentially  dogmatic.  Each  arrogated 
supremacy  and  infallibility  to  his  creed,  using  every  artifice 
to  kindle  the  zeal  of  proselytism  in  the  breasts  of  his 
disciples.  They,  unconscious  of  the  falsehood  of  their 
master's  axioms,  and  the  sophistry  of  his  arguments,  pro- 
pagated the  most  absurd  tenets  without  reserve. 

Visionaries  of  this  stamp  usurped  the  rank  of  philosophers, 
bringing  the  very  name  into  contempt.  Such  were  almost 
all  the  wranglers  who  infested  Athens,  and  other  celebrated 
cities  of  Ancient  Greece,  under  the  title  of  Sophists  and 
Sages.  After  perverting,  with  impious  speculations,  the 
heads  and  hearts  of  their  countrymen,  they  have  bequeathed 
in  their  imperishable  language,  a  legacy  of  vain  imagina- 
tions to  every  coming  age.  These  dreamers  have  supplied 
not  only  our  modern  metaphysicians  with  much  of  their 
syllogistic  chicane,  but  they  have  afforded  materials  of 
many  geological  reveries.  How  humiliating  is  it  to  see 
the  best  powers  of  reason,  and  the  hoUesi  as^vc^Xkoxv^  ^S. ' 
the  hearty  still  sacrificed  by  science  fa\se\y  so  c«\\^Ci^  \.o  ^«sfc 
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heathen  ph&ntorns ;  n  century  after  Newton,  and  two  cen- 
turies after  Galileo,  had  laid  open  the  true  Temple  of 
Nature,  in  which  man  is  ordained  and  qualified  to  offer  a 
reasonable  service ! 

How  well  this  censure  of  Grecian  learning  is  merited, 
we  may  judge  fromjhe  account  given  by  Brucker,  of  the 
philosophy  of  Leucippus.  "The  universe  which  is  infinite, 
is  in  part  a  plenum,  and  in  part  a  vacuum.  The  plenum 
contains  innumerable  corpuscles  or  atoms  of  various  figures, 
which  falling  into  the  vacuum,  struck  against  each  other ; 
and  hence  arose  a  variety  of  curvilinear  motions,  which 
continued  till  at  length  atoms  of  similar  forms  met  together, 
and  bodies  were  produced.  The  primary  atoms  being 
specifically  of  equal  weight,  and  not  being  able,  on  account 
of  their  multitude,  to  move  in  circles,  the  smaller  rose  to 
the  exterior  parts  of  the  vacuum,  whilst  the  larger  entang- 
ling themselves,  formed  a  spherical  shell,  which  revolved 
about  its  centre,  and  which  included  within  it  all  kinds  of 
bodies.  This  central  mass  was  gradually  increased  by  a 
perpetual  accession  of  particles  from  the  surrounding  shell, 
till  at  last  the  earth  was  formed.  In  the  meantime,  the 
spherical  shell  was  continually  supplied  with  new  bodies, 
which,  in  its  revolution,  it  gathered  up  from  without.  Of 
the  particles  thus  collected  in  the  spherical  shell,  some  in 
their  combination  formed  humid  masses,  which,  by  their 
circular  motion,  gradually  became  dry,  and  were  at  length 
ignited,  and  became  stars.  The  sun  wqs  formed  in  the 
same  manner  in  the  exterior  surface  of  the  shell ;  aud  the 
moon  in  its  interior  surface.  In  this  manner  the  world  wos 
formed."  According  to  Epicurus,  those  atoms  which  were 
lightest,  mounted  up  and  formed  the  air,  the  heavens,  and 
the  stars;  whilst  the  more  sluggish  subsided,  and  formed 
the  earth  on  which  the  human  congeries  of  atoms  move 
about. 

That  men,  by  uttering  such  conceits,  should  gain  the 
reputation  of  superior  wisdom,  would  hardi^  be  cieA\\.«A» 
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did  we  not  meet  with  modern  speculations  in  Cosmogony 
no  less  extravagant,  however  they  be  disguised  in  the  scien- 
tific language  of  the  day.     Our  world-framers  easily  shake 
off  the  shackles  of  inductive  logic,  and  run  a  fearless  career. 
They  will  sneer  at  the  pretended  infallibility  of  papal  dog- 
mas, and  the  immutability  of  papal 'idecrees  on  the  mys- 
teries of  faith,  but  do  not  scruple  to  avow  doctrines  relative 
to  objects  of  sense,  as  preposterous  as  any  ever  uttered  from 
the  Vatican.     TTiis  persuasion  of  certainty  in  his  judgments 
may  be  somewhat  pardonable  in  the  churchman,  who  be- 
lieves himself  guided  by  divine  inspiration.     The  student 
of  nature,  however,  knowing  nothing  of  her  attributes,  but 
what  he  can  decipher  by  vigilant  observation  of  her  mul- 
tiform phases,  or   by  experimental  inquiry,  should  ever 
preserve  the  humble  docility  of  a  scholar.     Like  Galileo 
and  Pascal,  his  only  care  should  be,  to  arrange  in  a  well 
ordered  series,  the  record  of  facts,  and  collating  them  by 
the  kindred  rules  of  logic  and  geometry,  to  trace  out  their 
general  results.     Into  a  mind  thus  disciplined,  the  spirit 
of  dogmatism  can  hardly  enter.     We  may  rest  assured, 
therefore,  that  the  eager  systematist  who  would  heap  Ossa 
on  Pelion,  to  complete  his  scheme,  is  no  master  architect 
in  science. 

Bacon  was  the  first  who  clearly  showed  the  danger 
of  cherishing  false  notions,  which  became  eventually  so 
incorporated  with  the  understanding,  as  to  occupy  it  exclu- 
sively, to  the  admission  or  right  perception  of  truth.  His 
denunciation  of  these  idols^  as  he  justly  termed  them,  is  per- 
haps the  most  valuable  part  of  the  novum  organum.  How 
dangerous  such  phantoms  may  become  to  man,  when  asso- 
ciated with  the  mystery  of  his  being  and  destiny,  the  history 
of  all  Polytheism  attests.  When  we  contemplate  idolatry, 
in  the  abominable  rites  of  paganism,  whether  barbarous 
or  civilized,  we  feel  ashamed  of  our  common  nature  thus 
debased  beneath  the  level  of  the  brute  creaUotv*  So  ^ocNsaw^ 
indeed  Is  the  retrospect  to  the  pride  o?  mau,  vWv  nn^\^  >icve 
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Sacred  Scriptures  the  sole  register  of  such  superstitions, 
their  testimony  would  be  scornfully  rejected  by  ourmudern 
Stoics,  who,  while  surrounded  by  an  almost  universal  em> 
pire  of  passion  and  appetite,  have  Uie  effrontery  to  proclaim 
the  innate  goodness,  perfectibility,  and  dignity  of  human 
nature.  Now,  though  the  worship  of  the  molten  statue, 
the  block,  the  reptile,  or  the  host  of  heaven,  may  have 
ceased  among  us,  idolatry  still  prevails  in  more  insidious 
forms.  The  philosopher  fashions,  after  his  own  caprice, 
strange  gods,  he  adorns  their  images  with  every  m'eretricious 
art,  and  sets  them  up  to  the  adoration  of  mankind.  Such 
is  the  idolatry  of  a  more  refined  age,  which  successive 
Idealists  have  remodelled  from  time  to  time.  Each  is 
eager  to  supersede  or  dethrone  the  governor  of  the  uni- 
verse, and  to  substitute  in  his  stead  mere  physical  forces, 
acting  in  a  continuous  or  interrupted  train,  to  suit  their 
fantastic  germs  of  oi^anic  and  inorganic  being. 

Metaphysical  systems  have  had  their  day  of  fashion. 
The  world  will  no  longer  be  agitated  with  researches  which 
move  iu  a  vortex,  without  visible  progression.  Under  this 
impression,  Pyrrhonists  b^in  to  fight  with  the  more  solid 
weapons  of  physics ;  though  the  principle  of  their  war- 
fiire,  the  exclusion  of  divine  agency,  be  still  the  same. 
Lightly  esteeming,  or  disregarding  altogether,  the  concerns 
of  the  unseen  and  future  world,  and  concentring  all  their 
thoughts  and  affections  round  the  present  pleasures  and 
vanities  of  life,  they  are  willing  to  recognise  matter  as  the 
only  source  of  their  being,  and  physical  forces  as  the  sole 
creative  and  conservative  powers.  Like  the  giants  of  my- 
thology, they  ransack  every  region  of  their  mother  earth, 
internal  and  external,  for  armsi^inst  the  Invisible  Omni- 
potence, and  thence  rise  up  with  delusive  vigour  to  the 
combat : 


■  Lucan,  Lib.  IV.  v, 
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The  Structure  and  revolutions  of  the  earth,  as  explored 
by  Geology,  have  opened  a  vast  field,  in  which  the  cham- 
pions of  scepticism  and  revelation  have  latterly  waged 
incessant  warfare.  In  this  contest,  however,  passion  and 
prejudice  have  too  often  usurped  the  place  of  knowledge, 
on  both  sides,  and  hence  a  victory  has  often  been  claimed 
by  either  party.  Yet  no  truce  between  the  combatants 
x:an  take  place,  far  less  a  final  discomfiture  to  the  enemies 
of  religion,  till  it  be  shown  that  the  physical  events  apper- 
taining to  the  creation  and  the  deluge,  as  described  by 
Moses,  are  not  discbrdant  with  the  legitimate  deductions 
of  physical  science.  Believing  both  systems  of  knowledge, 
that  of  Inspiration  and  Nature,  to  emanate  from  the  same 
Author,  we  may  rest  assured  that  each,  if  rightly  under- 
stood, will  harmonize  with  the  other.  Whenever  dissonance 
is  produced  between  them,  it  may  be  traced  to  the  touch  of 
an  unskilful  or  an  unhallowed  hand. 

However  momentous  the  interests  involved  in  this 
inquiry  may  be,  it  demands,  however,  the  utmost  delicacy 
and  circumspection.  Every  approach  to  controversial 
acrimony  should  be  deprecated.  The  advocates  of  religion 
do  not  always  bear  in  mind  that  compassion  is  the  only 
feeling  which  they  are  allowed  to  entertain  towards  those 
who  unhappily  want  the  faith  essential  to  salvation.  The 
more  violent  their  rejection  of  the  Christian  doctrine,  the 
more  gentle  should  its  teachers  be  in  addressing  unbelievers. 
Dogmatic  virulence  never  made  a  convert. 

I  am  well  aware  that  the  Mosaic  record  of  creation  has 
been  often  expounded,  in  a  manner  equally  hostile  to  science 
and  religion.  Many  commentators  on  sacred  writ  have 
unwittingly  afforded  handles  to  argument  and  ridicule, 
against  which  the  text  itself  was  entirely  proof.  This 
blending  of  revealed  and  natural  knowledge  has  been 
denounced  by  Professor  Playfair,  in  the  following  terms,  the 
poignancy  of  which  might  be  more  keenly  felt  b^  TVv^o- 
]ogianSf  had  not  the  philosopher  himseVt,  catt\^ii  \i\xO«w\\\s^ 
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geological  inquiries  to  a  period  still  more  remote  and  mys- 
terious, than  they  have  ever  done.  "  Proceeding  in  direct 
opposition  to  rules  that  have  never  yet  been  violated  with 
impunity,  end  mistaking  the  true  objects  of  a  theory  cf 
the  ■earth,  they  carry  back  their  inquiries  to  a  period 
prior  to  the  present  series  of  causes  and  eflects,  where, 
having  neither  experience  nor  analc^  to  direct  them,  they 
pretend  to  be  guided  by  a  superior  light.""  In  animad- 
verting on  the  geological  schemes  of  Kirwan  and  Deluc, 
with  just  severity,  he  says,  "  With  a  spirit  as  injurious  to 
the  dignity  of  religion,  as  to  the  freedom  of  phiiosophical 
hiqairy,  they  have  disrc^^arded  a  maxim  enforced  by  the 
aatliority  of  Bacon,  and  by  all  our  experience  of  the  past. 
'  Tanto  metgia  hoc  mmitaa  it^bemta  venit  et  coenenda,  quia 
ex  divtitorvm  et  humanorum  maiesmui  admixtioRe,  non  aoAtm 
educitur  phiiott^ia  phmUastica,  aed  etiam  rekgio  haretica. 
Itague  aalutare  adtnodum  ett,  si  meiUe  sobria,  _fidei  Umtmn 
dentur,  quee  jUM  swat^  " 

**  If  vain  conceits,"  says  Bacon,  "  come  to  be  held  in 
venerati{»),  the  understanding  succumbs  as  if  seized  with  the 
plague.  Some  modems  have  indulged  in  this  vanity  with 
BO  little  discretion,  that  they  have  endeavoured  to  estidilish 
a  body  of  natural  philosophy,  on  the  first  chapter  of 
Genesis,  the  book  of  Job,  and  some  other  of  the  sacred 
writings ;  thus  seeking  the  living  among  the  dead.  This 
vanity  merits  castigetion  and  restrmnt  the  ;nore,  as  from 
the  mischievous  admixture  of  divine  and  human  things, 
there  is  compounded  at  once  a  fantastical  philosophy,  and 
a  heretical  religion.  It  is  therefore  most  salutary,  irith  o 
sober  mind,  to  render  to  faith,  what  belongs  to  faith."t 

The  censure  here  bestowed  on  those  wlio  construct 
sdiemes  of  philosophy  on  scripture  texts,  is  perfectly  just, 
but  it  does  not  apply  to  those  who  endeavour  to  prove,  by 

'  PlByfiur'a  Works,  Vol.  I.  p.  467. 
f  yovum  Organum,  Aphor.  LXV. 
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inductive  evidence)  that  the  conclusions  of  philosophy  are 
not  discordant  with  the  order  of  physical  events,  recorded 
by  Moses.  The  object  of  Bacon's  reprobation  is  not  the 
besetting  sin  of  the  present  age.  Science  must  now  be 
built  up  on  its  own  foundations,  by  its  own  rules,  and  with 
its  own  materials.  '  The  individual  who  would  attempt  to 
deduce  a  single  principle  in  science  from  any  phenomenon 
described  in  the  Bible,  would  be  regarded  as  no  friend 
either  to  philosophy  or  religion.  But  when  the  principles 
of  physics  are  fairly  established  on  their  own  bases,  it 
becomes  a  subject  of  interest,  to  examine  how  far  certain 
natural  phenomena  related  by  the  inspired  historian,  are 
confi3rmable  to  our  digest  of  the  laws  of  nature.  If  an 
accordance  can  be  clearly  made  out  between  things  so  dis- 
tinct and  independent,  as  ancient  testimony,  and  the  results 
of  modem  research,  faith  and  reason  will  enjoy  a  joint 
triumph,  propitious  to  their  mutual  influence  on  mankind. 

This  procedure  is  just  the  inverse  of  what  Bacon  re- 
probates. We  do  not  seek  the  living  among  the  dead; 
we  do  not  determine  the  existing  or  actual  properties  of 
matter,  from  a  few  brief  notices  of  mighty  revolutions  which 
it  anciently  suffered.  But  like  Cuvier,  confronting  the 
bones  of  fossil  animals,  with  the  bones  of  their  living  types, 
we  compare  certain  phenomena  and  results  of  early  occur- 
rence, t>n  our  globe,  with  the  sequence  of  phenomena  pass- 
ing before  our  eyes,  drawing  from  the  records  of  faith,  only 
such  facts  as  belong  to  faith ;  viz.  such  as  can  be  learned 
from  inspiration  alone.  Surely  those  who  frame  a  system 
of  Cosmogony  which  removes  entirely  out  of  sight,  the 
Creator  and  Governor  of  the  world,  tend  as  powerfully  as 
ever  Deluc  and  Kirwan  did,  to  form  a  fantastical  philosophy 
and  a  heretical  religion. 

Theologians  are  much  more  open  to  Bacon's  censure, 
than  philosophers.  If  any  one  will  compare  the  diversities 
of  meaning  which  have  been  assigned  to  the  Hebrew  words 
contained  in  the  first  verses  of  Genesis,  by  sueVi  oX  oxrt  cavsv- 
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mentators  on  the  Bible,  as  have  theorised  on  the  phenomena 
of  creation,  he  will  be  convinced  that  no  solid  foundation  for 
geological  science,  need  be  sought  for  in  the  field  of  Hebrew 
criticism.  Yet  on  this  basis,  all  our  early,  and  many  of  our 
later  Bible  scholars,  have  created  schemes  of  accordance 
between  nature  and  revelation,  producing  too  often  a 
maie-sana  cuimixtio  of  divine  and  human  things.  I  humbly 
conceive  that  the  only  concern  of  the  biblical  student  with 
Cosmogony,  is.  to  ascertain  that  the  results  of  physical 
research  in  the  earth  and  the  heavens,  do  not  essentially 
impugn  the  Mosaic  text  in  its  plain  interpretation,  as 
addressed  to  plain  men  of  all  ages  and  nations.  They 
ought,  therefore,  to  inquire  first  of  all,  by  the  rules  of  induc- 
tive logic,  what  are  the  scientific  results  most  unequivocally 
established,  and  next  to  examine,  whether  any  of  these  be 
irreconcilable  with  the  commonly  adopted  version  of 
Genesis.  In  following  this  course  with  discretion,  no  rule 
of  right  reasoning  need  be  violated,  if  we  be  duly  sensible 
of  the  difficulties  of  the  subject,  the  imperfections  of  science, 
and  the  fallibility  of  human  judgment.  On  the  contrary, 
I  hope  to  convince  the  candid  reader  of  the  following 
pages,  that  the  Diyine  Spirit  in  furnishing  two  guides  to 
man,  revelation  and  reason,  has  benevolently  given  them 
so  many  points  of  affinity,  that  a  diligent  search  may  cause 
their  accordance  to  become  manifest  to  every  docile  mind, 
showing  them  to  be  really  close  and  powerful  allies,  instead 
of  lukewarm  friends,  or  open  foes,  as  their  common  enemies 
would  allege. 

Such  is  the  perversity  of  human  judgment  on  subjects 
the  most  momentous,  that  one  hardly  knows  at  times  whe- 
ther to  regard  it  more  in  ridicule  or  sorrow.  The  clas- 
sical scholar,  for  example,  will  pore  over  Herodotus  and 
Xenophon  with  a  sort  of  superstitious  reverence,  while  he 
is  too  ready  to  view  Moses  with  indifference  or  even  con- 
tempt. Yet  for  sublimity  and  depth  of  thought,  set  forth 
with  simplicity  and  pathos  of  recital,  neither  the  fatlier  of 
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proface  history,  nor  its  most  eloquent  son,  can  vie  with 
the  legislator  of  the  Jews.  In  the  authentic  stamp  of  con- 
mtency,  the  prime  merit  of  historians,  the  civil  can  certainly 
bear  no  comparison  with  the  sacred.  The  former  contra- 
dict each  other  broadly  on  the  greatest  characters  and  trans- 
actions, such  as  those  of  Cyrus,  though  at  no  great  distance 
from  their  own  times,  wliile  the  latter  is  always  in  perfect 
accordance  with  himself,  as  well  as  with  ancient  monuments 
and  traditions.  To  Moses  we  are  indebted,  moreover,  for 
the  only  rational  account  we  possess  of  the  origin  and  filia- 
tion of  the  different  tribes  of  men.  As  to  the  alleged 
absurdity  of  his  code  of  laws,  and  the  cruelty  of  his  injunc- 
tions for  exterminating  idolatry,  if  we  measure  them  on  the 
great  scale  of  Providence,  we  shall  admit,  that  the  establish- 
ment of  a  pure  and  perfect  Theism,  among  a  central  nation 
of  the  earth,  was  not  too  dearly  purchased  by  the  ritual 
observances  of  the  Jews,  or  any  punishments  inflicted  on 
the  cruel  and  licentious  Canaanites.  Let  us  bear  in  mind 
that  in  the  ordinary  course  of  nature,  30  millions  of  indivi- 
duals, annually  fall  victims,  over  the  face  of  the  globe,  to 
disease,  old  age,  famine,  the  sea,  or  the  sword,  and  that, 
therefore,  the  destruction  of  a  thousandth  or  even  a  hun- 
dredth part  of  that  number  for  a  great  moral  purpose, 
affords  no  peculiar  ground  for  impeaching  the  wisdom  of 
God,  or  the  veracity  of  his  interpreter.  The  results 
eliminated  from  the  pliysical  researches  of  the  present 
volume,  display  the  primary  developments  of  the  material 
system,  and  the  great  revolutions  of  the  earth  in  such 
surprising  harmony,  with  the  master  touches  of  the 
Hebrew  prophet,  as  to  constitute,  in  my  opinion,  incon- 
testable evidence  of  his  being  endued  with  a  knowledge 
more  than  human ;  for  he  has  indicated  a  style  and  sequence 
of  natural  phenomena,  gainsayed  or  disowned  by  all  human 
learning,  till  the  profound  and  novel  investigations  of  these 
latter  days,  have  unveiled  their  truth. 

Holding  in  due  reverence,  therefore,  tW  ^qskw:.  x«;<»rt5i. 
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and  ready  to  recognise  the  finger  of  Providence  directing 
every  event  of  the  material  world,  we  are  not  on  that  account 
called  upon  to  renounce  or  fetter  the  exercise  of  our  intel- 
lectual powers,  on  any  subject,  competent  to  their  tribunal 
The  rhapsodies  of  fanaticism,  and  the  bigoted  subjugation 
of  science,  to  certain  figurative  expressions  in  scripture, 
are  alike  to  be  shunned.     Revelation  was   certainly   not 
imparted  to  mankind,  for  the  purpose  of  instructing  them 
in  any  principles  of  philosophy,  which  reason  can  explore. 
When  the  phenomena  of  nature  are  described,  it  is  always 
in  popular  language,  corresponding  to  the  informations  of 
sense.     Thus  the  sacred  writers,  in  common  with  practical 
astronomers  of  every  age,  speak  of  the  sun  and  stars  as 
rising,  setting,  and  moving,  in  the  firmament,  yet  neither 
our  astronomers,  nor  the  scriptures,  are  thereby  supposed 
to  pronounce  a  judgment  on  the  actual  motion  or  repose 
of  these  luminaries.     This  is  a  proposition  left  to  science 
to  investigate.     The  heavenly  bodies  apparently  revolve 
in  determinate  orders  and  periods,  with  regularly  recurring 
phases.     These  have  been  laid  open  to  the  observation  of 
man  since  the  origin  of  his  race,  offering  him  every  requisite 
instruction  as  to  the  times,  distances,  and  paths  of  their 
revolutions,  as  well  as  to  the  magnitudes,  densities,  and 
figures  of  the  spheres.     Whatsoever  lessons  these  pheno- 
mena have  given  to  the  present  age,  were  held  forth  to 
the  post,  and  will  be  exhibited  to  the  future.     Astronomy 
never  reverts  to  a  state  of  repose,  antecedent  to  their  actual 
condition.      It   contemplates    the   velocities   and    mutual 
equilibrium   of  moving  bodies,  but  does   not   venture   to 
speculate  on  a  former  or  a  future  state,  an  origin  or  an  end 
of  the  actual  appearances  of  the  heavens.     In  this  respect, 
astronomers  differ  widely  from  our  two  famous  geologists 
Werner  and  Hutton,  who  do  not  confine  their  inquiries  to 
the  existing  cycle  of  phenomena,  but  boldly  remount  to  a 
hypothetic^  order  very  different  from  the  present,  which 
no  human  eye  ever  witnessed.     They  do  not  scruple  to 
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describe  the  terrestrial  constitution,  which  preceded  and 
gave  birth  to  the  one,  which  they  see,  just  as  if  an  astro- 
nomer were  to  trace  out  the  nascent  forms  and  movements 
of  the  sun  and  planetary  orbs.     But  neither,  possesses  the 
dataj  requisite  for  the  solution  of  his  problem.     The  astro- 
nomer, well  aware  of  this  defect,  and  trained  in  the  severe 
discipline  of  geometry,  abstains  from  such  vain  speculations. 
But   the   geologists  of  the  above   schools,   disdaining   to 
acknowledge  incapacity,  and  restrained  by  no  rigid  calcu- 
lus, advance  fearlessly  into  their  pristine  chaos,  and  assum- 
ing the  creative  function,  construct  their  favourite  terres- 
trial schemes  out  of  pre-existing  confusion.     They  find  no 
difficulty  in   bringing  ancient   chaos   to  its  end,  and   in 
originating  an  entirely  new  order  of  things.     To  produce 
an  effect  without  a  cause  never  disturbs  their  philosophy. 
Their  chaos  of  eternal,  or   at   least,  indefinite  duration, 
changes  under  their  direction,  into  systematic  arrangement 
and  succession.     Elemental  strife  is  speedily  converted  into 
the  most  friendly^affinities;  a  confused  mixture  and  turmoil, 
into  crystalline  forms,  and  parallel  sti*ata. 

Now,  such  procedure  as  this,  indicates  a  march  of 
presumption,  wholly  unlike  the  modest  pace  of  inductive 
science.  Nor  will  its  arrogance  appear  less  odious  when 
we  consider,  that  in  travelling  into  an  ideal  chaos  out  of 
the  actual  world,  in  order  to  forge  a  series  of  transition 
links  between  them,  these  theorists  disdain  to  inquire 
whether  their  natural  darkness  might  have  had  the  benefit 
of  a  few  rays  of  supernatural  light ;  whether  the  origin  of 
the  earth,  a  fact  beyond  the  cognizance  of  man,  and  yet  of 
great  moral  interest  to  him,  may  not  have  been  kindly 
communicated  to  his  race,  by  the  same  Being,  who  gives 
him  life,  and  breath,  and  all  things.  Such  deference  might 
have  been  expected,  at  least,  in  Werner  and  Playfair,  who 
acknowledged  the  divine  inspiration  of  the  Bible.  But  it 
does  not  appear  that  either  of  these  ingenious  vcveci^ 
regarded  the  Mosaic  narrative  of  creaUoT\,  as  ^vv\w^  ^svj 
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physical  instruction  whatever  concerning  the  origin  of  the 
earth.  We  shall  afterwards  find,  that  the  Mosaic  chron- 
ology throughout,  was  equally  disregarded  by  our  learned 
countryman.  It  would  have  been  ^ell  for  his  mathematical 
reputation,  had  he,  in  this  instance,  bestowed  a  little  of  that 
faith  on  Moses,  which  he  unluckily  lavished  on  Bailly. 

Amid  our  absolute  ignorance  concerning  the  origin  of 
our  terrestrial  system,  it  would  therefore  seem  not  unrea- 
sonable to  consider  such  facts  as  the  Deity  has  thought  fit 
to  reveal  concerning  the  formation  and  garnishing  of  this 
globe  as  an  abode  of  vegetable  and  animal  beings.  These 
facts  i;nay  be  very  few,  no  more  than  are  merely  su£Bcient 
to  teach  the  pious  mind  to  confide  in  the  Great  First 
Cause,  instead  of  losing  itself  in  an  endless  labyrinth  of 
conjecture.  But  still  they  should  be  held  as  fixed  points, 
in  n^lecting  which  we  shall  probably  deviate  into  error. 
It  must  be  remembered,  that  science  has  here  no  fulcrum 
to  rest  her  leverage  upon.  Vainly,  therefore,  would  she 
strive  to  move  the  earth  out  of  the  placd  assigned  to  it  by 
the  inspired  historian.  "  Who  is  this  that  darkeneth 
counsel  by  words  without  knowledge  ?  Where  wast  thou 
when  I  laid  the  foundations  of  the  eartli  ?  Declare  if 
thou  hast  understanding?  Whereupon  are  the  founda- 
tions thereof  fastened?  Or  who  laid  the  corner-stone 
thereof?"  Job,  chap,  xxxviii.  These  questions  accurately 
circumscribe  the  boundaries  of  Cosmogony.  They  say  to 
it,  "  Hitherto  shalt  thou  come  and  no  further ;  and  here 
shall  thy  proud  thoughts  be  staid." 

None  of  our  physical  records  are  better  fitted  to  incul- 
cate humility,  than  the  geological  systems  of  the  18th  cen- 
tury. They  exhibit  the  human  mind,  in  gesture  proudly 
eminent,  but  yet  the  perpetual  dupe  of  phantasms,  as 
extravagant  and  unreal  as  the  prodigies  of  oriental  fiction. 
They  remind  one  of  the  reveries  which  were  afloat  in  zoo- 
logy at  an  earlier  period.  That  animals  might  be  produced 
without  parents  or  ora,  by  the  fortuitous  fermentation  of 
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Stagnant  pools,  was  a  favourite  dogma  with  some  theorists, 
under  the  name  of  equivocal  generation.  Thus  they  con- 
cealed their  ignorance  by  giving  a  technical  term,  a  verbal 
quibble,  instead  of  an  explanation  of  phen^^mena ;  and  thus 
also  they  set  entirely  aside  Divine  agency  in  the  creation 
and  conduct  of  the  world.  This  monstrous  dogma  neces- 
sarily disappeared,  when  natural  history  proved  that  every 
animal  has  a  parental  germ  of  life.  The  Pyrrhonists,  dis- 
possessed of  the  animal  kingdom,  have  latterly  seized  on 
the  mineral,  and  boldly  adventured  to  account  for  its  origin 
and  arrangement  by  their  old  scheme  of  equivocal  genera- 
tion. The  execution  of  this  scheme  has  not,  however,  been 
so  easy  as  its  abettors  had  fondly  hoped.  These  world- 
makers  split  into  several  sects,  whose  chief  delight  was  to 
demolish  the  work  of  their  rivals.  By  this  philosophic 
warfare,  the  older  and  more  ricketty  combatants  have  been 
driven  from  the  field,  leaving  it  in  possession  of  two  reckless 
champions,  Werner  and  Hutton,  the  worshippers  of  Water 
and  Fire.  Both  agree  in  only  one  respect ;  the  original 
crudeness  and  imperfection  of  that  terraqueous  mass,  which 
they  have  undertaken  to  refine  and  complete.  Diverging 
from  this  point,  each  proceeds  to  show  how  the  present 
appearances  of  the  earth  have  been  produced  by  the  action 
of  the  ordinary  forces  of  nature.  By  successive  develop- 
ments and  catastrophes,  which  they  profess  to  detail,  the 
clumsy  offspring  of  Deity  or  Chance,  for  the  parentage  is 
not  well  defined  by  them,  becomes,  in  a  countless  lapse  of 
ages,  fitted  to  discharge  its  functions  in  the  material  system. 
Our  age  and  nation  never  cease  to  extol  Bacon's 
inductive  logic,  and  the  rigid  demonstrations  of  Newton. 
One  is  naturally  led  to  suppose,  that  those  who  so  loudly 
profess  to  be  their  disciples,  should  imitate,  in  some  degree 
at  least,  the  methods  of  research  prescribed  and  practised 
by  these  great  masters  of  reason  and  science.  We  should 
expect  to  find  the  facts  subservient  to  an^  docXxvcv^^  ccWi^RXftft. 
with  labour  and  skill,  examined  wvlY\  sct\\^\3\o>\s  cwaxxwv^ 
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and  lucidly  arranged  without  deceptive  art  It  is  only 
facts,  thus  carefully  chosen  and  candidly  compared,  which 
can  be  generalized  into  a  just  theory.  If  we  examine  the 
ablest  expositions  of  the  Wemerian  and  Huttonian  geologies 
by  that  philosophic  standard,  we  shall  find  tliem  to  fall 
egregiously  short  Phenomena  doubtful,  or  discordant, 
are  indiscriminately  pressed  into  the  service  of  these  hostile 
sects;  while  the  whole  structure  of  their  arguments  is 
frequently  baseless,  resting  on  no  solid  facts,  nay,  hardly 
countenanced  by  a  plausible  analog}'.  Yet  tliey  claim  for 
their  hypothetical  conclusions,  the  confidence  due  to  sober 
induction  alone. 

The  true  epoch  of  philosophical  geology  can  scarcely  be 
traced  farther  back  than  Mr.  Smith's  Mineralogical  Map 
of  England,  and  the  foundation  of  the  Geological  Society 
of  London.  Since  then,  the  Cosmological  schools  have 
been  waning  fast  away.  But  as  the  above  rival  systems, 
engrossed  so  very  lately  a  large  share  of  attention,  and  still 
have  many  partisans  in  the  world,  they  merit  a  slight  review, 
merely  considered  as  sports  of  the  human  intellect 

Tlie  theory  of  Hutton  was  passing  fast  into  oblivion, 
like  its  visionary  predecessors,*  when  it  was  re-embodied 
for  a  season,  by  the  eloquence  of  Playfair.  Delighted  with 
the  imposing  boldness  of  the  Huttonian  creed,  the  Professor 
undertook  its  exposition  with  the  ardour  of  a  mineralogical 
neophyte.  Bringing  to  the  task,  the  joint  resources  of 
dialectics  and  geometry,  he  produced  those  Illustrations  of 
the  Huttonian  Theory  which  have  been  so  highly  celebrated 
by  his  literary  friends,  though  they  will  probably  add 
nothing  to  his  fame  as  a  philosopher. 

Were  a  modern  naturalist  to  teach  that  the  various 
classes,  orders,  genera,  and  species  of  animals  and  vege- 
tables, were,  on  their  first  emergence,  crude  and  shapeless 

*  The  cosmologies  of  Leibnitz,  Whiston,  Deiimillet,  Buffon,  Dolomicn, 
Bertrand,  &c. 
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monsters ;  but  that  the  several  parts  progressively  acquired 
their  just  size  and  form  in  the  course  of  successive  genera- 
tions, by  the  contending  actions  of  the  vital  and  chemical 
forces,  mankind  would  not  hesitate  to  pronounce  the  author 
of  such  speculations  insane.  Does  the  terraqueous  globe, 
on  which  countless  orders  of  living  beings  depend  for 
accommodation  and  subsistence,  so  nicely  suited  to  their 
peculiar  organs  and  instincts,  does  it  display  no  evidence 
of  pre-concerted  and  pre-adapted  wisdom  in  its  structure  ? 
Originally  a  crude  and  rugged  mass,  did  it  gradually  ac- 
quire its  actual  form  and  constitution  from  the  antagonist 
powers  of  waste  and  reconsolidation  tending  towards  their 
present  equilibrium,  during  indefinite  ages  ?  This  question, 
which  Professor  Playfair  answers  in  the  affirmative,  contains 
his  favourite  proposition,  whereby  he  pretends  to  give 
physico-mathematical  proof  to  his  adopted  theory. 

**  Now,  it  is  not  at  all  obvious  to  what  physical  cause 
this  phenomenon"  (the  spheroidal  figure  of  the  earth)  **is 
to  be  ascribed.  The  earth,  as  it  exists  at  present,  has  none 
of  the  conditions  that  render  the  assumption  of  the  figure 
of  equilibrium  in  any  way  necessary  to  it.  Constituted  as 
it  is,  its  parts  cohere  with  forces  incomparably  too  great 
to  obey  the  laws  of  statical  pressure,  or  to  assume  any  one 
figure  rather  than  another,  on  account  of  the  centrifugal 
tendency,  which  results  from  its  revolution  on  its  axis. 
Though  the  fluidity  of  the  earth  will  account  for  the 
phenomenon  of  its  oblate  figure,  it  may  reasonably  be  ques- 
tioned, whether  this  fluidity  can  be  admitted  in  consistency 
with  other  appearances.  According  to  what  was  established 
above,  none  of  the  appearances  in  the  mineral  kingdom 
indicate  more  than  a  partial  fluidity  in  any  former  condition 
of  the  earth.  The  present  strata,  made  up  as  they  are  of 
the  ruins  of  former  strata,  though  softened  by  heat,  have 
not  been  rendered  fluid  by  it,  and  have  even  possessed 
their  softness  in  parts,  and  in  succession,  i\oX.  aVvo^^^vVv^x  x«st 
at  the  same  time.     ....     Since  ne\t\\eT  vVv^Vvj^'^^'Sfii 
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of  the  Neptunists,  or  the  Vulcanists,*  aftords  any  good 
explanation  of  the  figure  of  the  earth,  or  such  a  one  as  can 
connect  it  with  the  other  appearances  in  its  natural  history, 
it  remains  to  inquire,  whether  the  system  that  supposes  a 
partial  and  successive  fluidity,  like  Dr.  Hutton's,  has  any 
resource  for  explaining  this  great  phenomenon. 

*'  On  this  subject  Dr.  Hutton  has  not  treated ;  and  when 
I  was  first  made  acquainted  with  his  system,  it  appeared  to 
me  a  very  serious  objection  to  it,  that  it  did  not  profess  to 
give  an  explanation  of  so  important  a/cu^  as  the  oblate  Jigure 
of  the  earth.  On  considering  the  matter  more  closely, 
however,  I  found  that  there  were  principles  contained  in  it, 
firom  which  a  very  satisfactory  solution  (and  I  think  the  only 
satisfactory  solution)  of  that  difficulty  might  be  deduced. 
This  solution  I  shall  endeavour  to  explain,  in  as  far,  at 
least,  as  is  necessary  for  the  purpose  of  general  illustration. 

"  It  is  laid  down  in  Dr.  Hutton's  theory,  that  the  surface 
of  the  earth  is  perpetually  changed  by  the  detritus  of  the 
land ;  and  from  the  materials  thus  afforded,  new  horizontal 
strata  are  perpetually  formed  at  the  bottom  of  the  sea.  If 
this  be  true,  and  if  the  alternations  of  decay  and  renovation 
have  been  often  repeated,  it  is  certain,  that  the  figure  of 
the  earth,  whatever  it  may  have  originally  been,  must  be 
brought  at  length  to  coincide  with  the  spheroid  of  equili- 
brium. 

ft 

"  Suppose  now,  a  body  like  the  earth,  but  with  its  actual 
figure  infinitely  more  irregular^  having  a  sea  cifcumfused 
around  it«  .  .  .  If  we  suppose  the  solid  parts  of  this 
mass  subject  to  be  dissolved,  or  worn  away,  and  carried 
down  to  the  ocean,  there  will  be  a  tendency  to  give  to  the 
whole  body  the  same  figure  that  it  would  have  assumed,  if  it 
had  been  entirely  fluid,  and  subject  to  the  laws  of  hydro- 
statics. .  .  .  Also,  whatever  be  the  irregularity  of 
density,  the  tendency  to  a  change  of  figure  will  not  cease, 

•  The  foliowers  of  Werner  or  Buffon. 
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till  the  body  is  mouMed  into  that  particular  spheroid  which 
admits  of  being  covered  with  water,  every  where  to  the  same 
depth.  Thus  it  appears,  that  a  solid  of  an  irregular  figure* 
and  of  irregular  density,  provided  it  be  in  part  covered  with 
water,  and  be  at  the  same  time  subject  to  waste,  above  the 
surface  of  the  sea,  and  reconsotidation  under  it,  has  a  ten- 
dency to  acquire,  in  time,  the  same  figure  that  it  would 
have  acquired,  had  it  been  entirely  fluid. 

"In  the  preceding  reasonings,  we  have  supposed  the 
process  of  decay,  and  subsequent  stratification,  to  be  carried 
on  without  interruption,  till  the  whole  of  the  land  is  covered 
by  the  sea.  This  supposition  is  useful  for  explaining  the 
nature  of  the  forces  which  have  determined  the  figure  of 
the  earth;  but  there  is  no  reason  to  think  that  it  has  ever 
been  realised  in  its  full  extent,  the  elevation  of  strata  from 
the  bottom  of  the  sea,  interrupting  the  prioress,  and  pro- 
ducing new  land  in  one  place,  as  the  old  decays  in  another. 
The  very  same  land,  also,  which  is  wasted  at  its  surface, 
may  perhaps  be  lifted  up  by  the  forces  that  are  placed 
under  it,  or  it  may  be  let  down,  undergoing  alterations  of 
its  level,  from  causes  that  we  do  not  perceive,  but  of  which 
the  action  is  undoubted.  But  notwithstanding  these  inter- 
ruptions, the  general  tendency  to  produce  on  the  earth  a 
spheroidal  figure  may  remain,  and  more  may  be  done  by 
every  revolution,  to  bring  alxtut  the  attainment  of  that 
figure,  than  to  cause  a  deviation  from  it  This  figure, 
therefore,  though  never  likely  to  be  perfectly  acquired,  will 
be  the  limiting  or  asymptotic  figure,  if  it  may  be  so  called, 
to-which  the  earth  will  continually  approach.     .     .     . 

"  That  no  very  irregular  figure  is  found  among  the 
planetary  bodies,  may  therefore  be  considered  as  a  proof  of 
the  universality  of  that  system  of  waste  and  recon solid ation, 
that  we  .have  been  endeavouring  to  trace  in  the  natural 
histor}-  of  the  earth.     .     .     . 

"  Thus,  Dr.  Hiitton's  theory  of  the  eaTl\i  comes  »x\ttsx 
to  connect  itself  with  the  researches  of  physical  aswotvoOTj . 
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The  ccHiclusfon  to  be  drawn  iiroin  this  coincidence,  is  to  the 
credit  of  both  sciences.  When  two  travellers,  who  set  out 
from  points  so  distant  as  the  mineralogist  and  the  astro- 
nomer, and  who  follow  routes  so  different,  meet  at  the  end 
of  their  journey,  and  agree  in  their  report  of  the  countries 
through  which  they  h&ve  passed ;  it  affords  no  slight  pre- 
sumption, that  they  have  kept  the  right  way,  and  that  they 
relate  what  they  have  actually  seen. 

"  It  must  be  allowed  to  the  Neptumsts,  that  the  fluidity 
of  the  whole  earth  b  hot  necessary  to  account  for  its  assum- 
ing the  spheroidal  figure.  It  is  sufficient,  if  the  wHole  of 
that  crust,  or  shell  of  matter,  was  fluid  which  is  contained 
between  the  actual  surface  of  the  terrestrial  spheroid,  and 
the  surface  of  the  sphere  inscribed  within  it ;  that  is,  of  the 
sphere  which  has  for  its  diameter  the  polar  axis  of  the 
earth."  This  amounts  to  about  ylfu  of  the  whole  bulk  of 
the  earth ;  and  as  the  mineral  substance  of  the  crust  will 
take,  at  the  lowest  estimate,  600  times  its  volume  of  water 
to  dissolve  it,  n6  less  than  four  times  the  bulk  of  the  whole 
earth  is  required  by  the  Wernerian  systeraatists  to  effect 
their  primordial  solution  of  the  superficial  rocky  crust. 
"  Such,  therefore,  at  the  very  least,  is  the  quantity  of  water 
which  Mr.  Kirwan  supposes,  after  it  ceased  to  act  in  its 
chemical  capacity,  to  have  retired  into  caverns  in  the  inte- 
rior of  the  earth.  Thus  the  Neptuniste  in  their  account  of 
the  spheroidal  figure  of  the  earth,  are  reduced  to  a  cruel 
dilemma,  and  are  forced  to  choose  between  a  physical  anS 
a  mathematical  impossibility."* 

Had  the  Professor  regarded  the  hypothesis  of  his  friend. 
Dr.  Hutton,  with  equal  impartiality  as  that  of  Werner, 
he  would  not  have  expended  any  refined  analysis  iti  its  sup- 
port. That  the  planets  had  at  one  time  "  an  actual  figure 
infinitely  more  irregular"  than  the  present,  is  certainly 
a  very  strange  proposition  for  a  modern  philctsbpher  to 

•  Playlair's  niuBlrationB.'SQteiLWf. 
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make,  one  equally  extravagant  with  any  Epicurean  fiction  in 
Lucretius.  After  an  indefinite  period,  it  appears  that  one  of 
them  at  least,  the  earth,  became  sufficiently  regular  for  an 
abode  of  living  beings.  Their  habitation  has,  however,  a 
precarious  existence.  The  progress  of  waste  willeyentualiy 
crumble  down  its  mountains,  and  strew  their  detritus  over 
the  bottom  of  the  sea,  converting  our  imperfect  spheroid 
into  the  perfect  form  of  equilibrium.  This  geometrical 
symmetry  which  conspiring  physical  forces  tend,  by  this 
creed,  to  produce,  should  some  day  cover  the  whole  land 
with  a  windingsheet  of  water,  universally  fatal  to  organic 
motion  and  life.  This  mortal  consummation,  however, 
they  propose  to  obstruct  from  time  to  time,  by  fortuitous 
explosions  from  the  central  fires,  upheaving  mountains  and 
plains,  as  they  are  wanted,  to  rescue  the  world  from  a  watery 
grave.  The  probability  of  such  a  mode  of  salvation  is 
rapidly  diminishing;  for  it  is  admitted  by  the  theoretic 
votaries,  both  of  Vulcan  and  Neptune,  that  these  igneous 
eruptions  are  becoming  vastly  feebler  and  less  frequent, 
than  tliey  were  in  ancient  times ;  that  volcanic  fires  are 
hst  expiring,  and  only  a  few  smoking  spiracles  remain  to 
attest  their  former  activity.  In  this  predicament,  the  Hut- 
tonians  can  hold  forth  to  proselytes  but  slender  hopes  of 
die  duration  of  their  sj'stem.  The  casual  convulsion  of  a 
dying  power,  is  a  very  precarious  resource,  and  can  be  little 
relied  on  for  resisting  the  steady  pace  of  destruction.  The 
earth  of  the  Huttonians  must  become  a  finished  spheroid, 
unfit  for  every  useful  purpose. 

Mr.  Playfair's  two  travellers,  the  celestial  and  terres- 
trial, would  have  found  a  better  coincidence,  and  one  more 
to  their  credit,  as  philosophers,  by  tracing  at  once  the  actual 
and  only  beneficial  form  of  the  earth,  and  its  fellow  planets, 
to  that  perfect  wisdom  which  created  all  things  in  confor- 
mity to  their  destined  ends,  and  which  provides  ■w\iii  -wv- 
wearied  beneBcenc^  for  the  wants  and  veU-Vtevo^  cX  cscc^ 
c  tribe. 
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I  have  DO  desire  to  fatigue  my  readers  with  a  detailed 
examination  of  the  theory  propounded  by  Hutton,  snd 
embellished  by  Playfair.  -  Its  defects  and  inconsisten- 
cies, and  indeed  its  whole  hypothetical  tenor  are  riow  so 
notorious, -that  no  practical  naturalist  of  eminence  will 
venture  to  adopt  its  conclu»ons.  My  sole  object,  here, 
was  to  unveil  its  vain  spirit  of  theoretic  cosmogony;  to 
exhibit  its  efRirts  to  build  a  Babel-tower  that  should  make 
a  name,  and  enfranchise  it  from  the  control  of  a  creating 
and  directing  Providence.  The  world,  according  to  Hut- 
ton,  shows  no  trace  of  a  be^nning,  or  of  an  end ;  but  has 
been  the  theatre  of  an  indefinite  series  of  transformations 
in  time  past,  and  will  continue  to  be  so  in  time  to  come. 
The  mountains  of  a  former  earth  were  worn  down  and  dif- 
fused over  the  bottom  of  a  former  ocean.  There  they 
were  exposed  to  the  agglutinating  power  of  subjacent 
internal  fires ;  and  afler  due  induration,  were  heaved  up  by 
the  explosive  violence  of  the  same  force,  into  the  inclined 
or  nearly  vertical  positions,  in  which  the  great  mountain 
strata  now  stand. 

The  mountains  of  gneiss  and  mica  slate,  allowed  by 
every  practical  geologist  to  be  primitive,  are  barren  in 
animal  exuviffi.  Now  these  most  distinctly  stratified  rocks, 
were  formed,  it  is  said,  at  the  bottom  of  the  Huttonian  sea, 
by  the  same  process  as  the  calcareous  and  other  secondary 
strata  that  are  replete  with  sheUs.  Whence  do  these  organic 
ruins  come,  and  why  are  they  absent  in  the  former  class  oi 
rocks,  both  of  them  formed  in  the  same  sea,  and  under 
similar  circumstances  ?  They  cannot  reply  that  the  epoch 
of  the  gneiss  and  mica-state  formations  was  anterior  to 
the  existence  of  animals ;  for  their  theory  affirms,  that  the 
present  earth  sprung  up  out  of  a  preceding  one,  by  a  spon- 
taneous growth  or  transition,  without  the  intervention  of  a 
divine  creative  energy.  They  tell  us,  that  in  an  indefinite 
series  of  ages,  the  mountain  masses  of  the  pre-existing  globe 
became  sabmarine  concentric  layers  o?  xocV,  -wVativ  -wwte 
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dience  elevated  by  catastrophe  into  the  present  dry  lands. 
Their  marine  deposition  was  slow  and  tranquil,  disturbing 
the  general  economy  of  nature  no  more  than  at  present, 
and  consequently,  not  interfering  with  the  production  of 
marine  testaceous  animals,  nor  with  the  distribution  of 
their  shelly  exuvia:.  Hence,  should  these  beds  be  even- 
tually indurated  and  heaved  up  by  the  subjacent  fires  into 
the  nearly  vertical  mountain  schists  of  a  new  earth,  they 
must  contain  the  organic  witnesses  of  their  submarine  forma- 
tion. But  since  our  actual  mountains  of  gneiss  and  mica- 
slate  are  destitute  of  these  internal  witnesses,  as  also  of  their 
basis,  carbonate  of  lime,  they  cannot  have  been  ormed 
at  the  bottom  of  an  ocean  teeming  with  animal  life.  De- 
void of  organic  remains,  they  indicate  a  sea  devoid  of  vital 
energy.  The  lirst  appearance  of  shelly  strata  is  coincident 
with  a  specific  exertion  of  creative  power. 

Tilts  mortal  chasm,  in  the  succession  of  mineral  forma- 
tions, breaks  the  chain  of  the  Huttonians.  It  is  the  death 
blow  of  dieir  theory ;  demonstrating  that  the  present  earth 
has  resulted  from  definite  creative  Fiais ;  and  not  from  the 
progressive  operations  of  any  merely  physical  forces  what- 
soever. It  is  therefore  to  be  regretted,  that  a  mind  so 
accomplished  as  that  of  Professor  Playfair,  should  have 
devoted  so  many  studious  years  to  the  decoration  of  the 
-  phantom  described  by  Kim  in  the  following  paragraph. 
"  How  often  these  vicissitudes  of  decay  and  renovation 
have  been  repeated,  is  not  for  us  to  determine ;  they  con- 
stitute a  series,  of  which,  as  the  author  of  this  theory  has 
remarked,  we  neither  see  the  beginning  nor  the  end ;  a 
circumstance  that  accords  well  with  what  is  known  con- 
cerning other  parts  of  the  economy  of  the  world.  In  the 
continuation  of  the  different  species  of  animals  and  vege- 
tables that  inhabit  the  earth,  we  discern  neither  a  beginning 
nor  an  end;  and  in  the  planetary  motions,  where  geometrY 
has  carried  the  eye  so  far  both  into  the  iatute  auA  feft  "^aS'-i 
we  discover  no  mark  either  of  the  commeivcem«.Tv\.  o"e  «S  '^«. 


XXX  INTRODUCTION. 

termination  of  the  present  order.  It  is  unreasonable  indeed, 
to  suppose,  that  such  marks  should  any  where  ex^t. 
The  Author  of  Nature  has  not  given  laws  to  the  universe, 
which,  like  the  institutions  of  men,  carry  in  themselves  the 
elements  of  their  own  destruction.  He  has  not  permitted 
in  his  works  any  symptom  of  infancy  or  old  age,  or  any 
sign  by  which  we  may  estimate  either  their  future  or  past 
duration.  These  phenomena  then  are  all  so  many  marks 
of  the  lap^  of  time,  among  which  the  principles  of  geology 
enable  us  to  distinguish  a  certain  order,  so  that  we  know 
some  of  them  to  be  more,  and  others  to  be  less  distant,  but 
without  being  able  to  ascertain  with  any  exactness,  the  pro- 
portion of  the  immense  intervals  which  separate  them. 
These  intervals  admit  of  no  comparison  with  the  astrono- 
mical measures  of  time ;  they  cannot  be  expressed  by  the 
revolutions  of  the  sun  or  the  moon ;  nor  is  there  any  syn- 
chronism between  the  most  recent  qpochas  of  the  mineral  king- 
dom^  and  the  most  ancient  of  our  ordinary  chrono&yyJ** 

Our  ordinary  chronology  comprehends  the  deluge,  a 
great  epocha  of  the  mineral  kingdom,  the  truth  of  which  is 
obviously  discarded  by  Mr.  Playfair.  In  the  third  part  of 
the  present  work,  ample  evidence  will  be  adduced  from 
Cuvier  and  other  practical  naturalists,  of  the  reality  of  that 
recent  epocha,  and  of  its  synchronism  with  our  chronology. 
Moreover,  it  will  be  shown  in  our  second  part,  that  the 
mineral  strata  contain  formations  which  '^  discover  marks 
of  the  commencement"  of  the  different  species  of  v^e- 
tables  and  animals  that  peopled  the  earth.  The  Astrono- 
mical comparison  is  a  strange  solecism  for  so  acute  a  logician 
to  commit.  The  cases  are  quite  discrete,  and  destitute  of 
any  true  analogy.  The  laws  of  the  planetary  motions  are 
represented  in  a  system  of  mechanical  theorems,  which 
relate  solely  to  co-existing  phenomena.  The  principles  of 
their  actual  equilibrium  apply  equally  to  all  past  and  future 

«  Playf9ii^%  Illustrations,  §  118  and  ^  124. 
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time.  The  appearances  reveal  nothing  in  the  past,  or  the 
future,  different  from  the  present,  except  change  of  relative 
position  among  separate  masses.  Thepbysical  constitution 
of  the  planets,  which  could  alone  afTordjiin  their  interior 
metamorphoses,  kindred  or  parallel  facts  for  geolt^,  are 
beyond  our  cognisance.  In  the  mineral  structure  of  the 
earth,  we  shall  find  symptoms  of  infancy,  as  well  as  on  its 
surface,  considered  as  the  dwelling  place  of  man. 

A  very  brief  survey  of  tlie  principles  of  the  Neptu- 
nian theory  of  the  earth,  will  evince  if  also  to  be  an  idol 
set  up  by  a  vain  philosophy,  to  usurp  the  rank  and  functions 
of  a  creative  intelligence. 

"  Anciently,"  says  Werner,  "  a  vast  solution  covered  all 
the  globe,  rising  above  the  highest  mountains.  This  greaf 
chaotic  ocean,  very  different  from  our  existing  seas,  coa- 
toined  the  elements  of  the  primitive  lands.  The  mos( 
andentof  its  products,  namely,  the  rocks  on  which  all  the 
others  repose,  are  also  those  which  constitute  the  most 
elevated  summits;  those  which  form  the  greater  part  of 
the  most  prominent  points  of  the  globe,  with  the  exception 
of  the  volcanic  mountains.  Over  and  around  their  tops, 
we  find  the  mineral  masses  which  were  deposited  imme- 
diately thereafter.  They  envelope  the  former  in  the  shape 
of  beds  of  great  extent,  and  they  are  enveloped  in  their  turn 
by  other  beds.  In  proportion  as  these  deposits  are  newer, 
their  extremity  or  upper  edge,  appears  at  a  lower  level. 

"  Thus,  above  a  certain  height,  we  find  nothing  but 
granites;  a  little  lower  we  have  gneiss;  lower  still,  we  see 
the  successive  appearance  of  mica-slate,  clay-slate,  and 
the  other  primiuve  formations.  Those  of  posterior  for- 
mation proceed  with  a  continually  declining  level.  The 
most  ancient  of  these  still  stand  at  considerable  heights ; 
but  the  more  modern,  such  as  chalk,  and  the  later  forma- 
tions of  gypsum,  occupy  only  the  lower  districts  of  the 
terrestrial  surface.  Finally,  the  great  a\\uv\s\  \ftTtv\nVwa 
exist  mereJy  in  the  low  plains,  or  at  VvVVVe  e\eiBXvciKa  ^Jaasia 
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the  level  of  the  sea.  These  tacts  lead  us  to  conclude  that 
the  solution,  in  whose  bosom  the  different  mineral  masses 
were  elaborated,  has  successively  lowered  its  levd;  and 
that  from  an  election  above  our  highest  mountains,  a  gra- 
dual diminution  has  reduced  it  to  the  level  of  our  present 
seas."  In  the  later  geognostic  works  published  in  Ger- 
man;, on  the  principles  of  Werner,  the  several  mineral 
fornmuons  are  r^arded  as  having  been  produced  by  four 
great  irruptions  and  subsidences  of  four  successive  seas. 

"  The  above  solution  successively  changed  its  nature.  Its 
first  mineral  precipitates  were  very  different  from  the  fol- 
lowing ones ;  and  these  also  differed  from  their  successors. 
At  the  beginning,  they  were  chiefly  granites ;  Id  the  middle 
period  of  the  mineral  formations,  schistose  or  slaty  strata 
abounded ;  and  in  the  last  stage,  calcareous  rocks  began  to 
predominate.  The  change  in  the  nature  of  the  precipitate 
was  sometimes  abrupt,  but  more  commonly  it  took  place 
in  gradual  succession.  Thus,  among  the  first  mineral  for- 
mations, the  principles  of  felspar  were  most  abundatit; 
these  diminished  by  d^rees,  while  those  of  mica  increased ; 
and  in  consequence  of  this  alteration,  gneiss,  mica-slate,  and 
clay-slate  appeared.  The  limestone,  which  was  rare  in  the 
early  stage,  occurred  subsequently  in  more  abundance, 
ibrming  the  principal  ingredient  of  the  Inter  deposits.  Mag- 
nesia became  remarkable,  chiefly  towards  the  middle  of  the 
first  period;  some  time  after  that,  coal  began  to  show  itself, 
and  progressively  increased  in  the  middle  era. 

"  While  the  solution  covered  and  enveloped  the  whole 
surface  of  the  globe,  it  formed  a  clear  and  tranquil  liquid 
of  great  depth.  At  this  time,  its  products  were  entirely 
crystalline.  Thus,  when  we  contemplate  a  piece  of  granite, 
and  examine  the  distinct  grains  or  small  crystals  of  quartz, 
felspar,  &c.  which  compose  it,  the  segregation  and  arrange- 
ment of  their  integrant  particles  denote  a  mineral  forma- 
tion made  with  leisure  and  tranquillity. 

"  la  proportion  as  the  level  of  the  Aiquid  sank.  do'Nvi, 
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the  agitation  appears  to  have  augmented.  The  crystallisation 
became  confused ;  the  particles  had  no  longer  an  oppor- 
tuni^  of  coming  forth  separately,  as  in  the  6rst  epocha, 
so  as  Co  form  considerable  crystalsi  Hence  arose  tliose  fine- 
grained granites  which  form  the  paste  of  porphyries;  those 
mica-slates  in  which  th^  grains  of  quartz,  and  the  spangles 
of  mica  are  amorphous,  and  are  difficult  to  distinguish. 
Finally,  chemical  separation  ceased  to  take  place,  or  be 
practicable ;  the  crystalline  aspect  disappeared,  and  nothing 
but  homogeneous  masses  were  produced,  whose  texture 
became  more  and  more  loose  and  earthy,  till  their  translu- 
cency  vanished.  The  serpentines,  the  slates,  and  even  the 
limestones  furnish  examples  of  these  gradations.  At  last, 
the  turbidity  having  increased  to  a  still  greater  degree,  and 
the  precipitation  becoming  more  rapid,  the  mineral  deposits 
became  mere  earthy  masses,  feebly  indurated ;  they  were 
now  simple  sediments. 

"  Werner  supposed  that  frequent  oscillations  had  mo- 
dified these  successive  formations.  Before  the  large  grained 
crystalline  granite  had  passed  into  schists  of  a  clayey  or 
sedimentary  quality,  nature  often  retraced  her  steps  for  a 
season.  After  making  mica-slates,  and  even  cky-slates, 
she  thought  fit  to  reproduce  some  granites ;  and  It  was  not 
till  after  several  such  alternations,  that  she  advanced  in  a 
decided  manner,  to  form  the  great  schistose  mountains.* 

I  believe  this  oudine  of  Werner's  theoretic  notions  to 
be  genuine.  The  authority  is  apparently  most  legiti- 
mate, that  of  his  favourite  pupil,  M.  D'Aubuissoo,  engineer 
in  chief  of  the  royal  corps  of  mines  in  France,  "  who  was 
honoured  during  four  successive  years  with  the  confidence  of 
his  master,  Werner,  and  favoured  with  a  disclosure  of  geolo- 
gical principles  which  hehimselfneversubmitted  to  ihepress." 

It  would  be  superfluous,  indeed,  to  offer  an  elaborate 
refutation  of  a  world-building  hypothesis,  so  extravagant, 

'JyAabuisaoD  Traitide  Oeognoue,  Tom.1.  pf.  Sbb,  e\.iM«v- 
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SO  visionaryi  and  so  inconsistent  wi(h  every  principle  of 
mechanical  and  chemical  science.     Whence  arose  tha( 
immense  chaotic  ocean,  within  whose  bosom  the  summits 
of  the    Himmalaya  and   the   Andes   were   crystallized? 
Whither  did  it  retire  in  measured  stages  of  descent,  to 
allow  the  primary  and  secondary  rock  formations,  to  lay 
their  successive  platforms,  in  the  amphitheatre  of  the  globe  ? 
The  atmosphere  has  a  finite  extent,  not  expanding  into 
space  beyond  a  limited  distance  from  the  earth ;  and  thus 
that  world  of  waters  could  not  escape  into  another  sphere,  in 
vaporous  exhalations.     The  quantity  of  water  requisite  to 
cover  the  globe  to  the  height  of  the  Himmalaya,  or  27,000 
feet,  would  be  as  great  as  the  whole  mass  of  our  actual 
ocean.     Werner  was  too  little  of  a  philosopher  to  calculate 
that  his  crystallization  plan  called  on  him  to  provide  a 
receptacle  for  1000  millions  of  cubic  miles  of  water.     The 
great  density  of  the  interior  body  of  the  earth,  precludes 
the  possibility  of  that  receptacle  being  subterranean.    Since 
neither  celestial  nor  terrestrial  space  will  admit  his  retiring 
chaotic  ocean,  itself  must  be  deemed  .an  inadmissible  sup- 
position.    Even  granting  its  reality,  and  allowing  moreover 
that  this  water  was  adequate  to  dissolve  the  now  insoluble 
granitic  mountains,  so  as  to  form  a  clear  and  tranquil  fluid, 
we  may  ask,  why  the  solvent  that  then  exercised  so  marvel- 
lous an  affinity  for  the  siliceous  and   alun^ous   earths, 
came  so  soon  to  discard,  them  altogether  from  its  bosom  ? 
The  attractive  force  that  made  the  solution,  should  have 
maintained  it.     To  imagine  an  effect  to  come  to  pass  with- 
out a  cause,  is  sufficiently  ridiculous,  though  not  without  a 
parallel  in  modern  philosophy ;  but  to  expect  a  solidifying 
action,  a  stony  deposit,  from  a  liquefying  agent,  unabated 
in  force  and  magnitude,  is  truly  absurd.     The  other  as- 
sumption of  the  clear  and  tranquil  solution  becoming  spon- 
taneously muddy  and  disturbed,  as  it  parted  with  its  solid 
contents,  is  repugnant  no  less  to  common  sense,  than  to 
chemical  experience,     A  still  liquid  contavuing  soluble  and 
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insoluble  matter,  usually  deposits  the  insoluble,  wbich  is 
mechauicolly  diffused,  before  the  crystals  appear,  provided 
the  latter  be  r^ularly  aggregated;  as  occurs  in  granite. 
We  shall  not  waste  more  words  on  this  analysis ;  but  con- 
clude with  expressing  astonishment  that  the  theoretic  dreams 
of  Werner  should  ever  have  been  regarded  as  realities,  in 
the  present  age.  The  old  Cosmogony  of  Leucippus  is 
not  more  irrational  at  bottom,  and  would  appear  equally 
plausible,  if  decked  out  in  fashionable  technology. 

BuSbii's  wild  fancy  of  the  planets  having  been  ori- 
ginally ignited  masses,  thrown  or  struck  off  in  fusion  from 
the  sun,  and  afterwards  left  revolving  round  him  at  dis- 
tances, and  with  velocities  proportional  to  the  detaching 
forces,  seems  to  have  suggested  tlie  geological  hypothesis  of 
Cordier.  These  theorists  agree  in  supposing  that  an  inde- 
finite period  of  refrigeration  had  elapsed  before  the  crust 
had  become  cool  enough  to  suffer  the  vapours  to  condense 
into  water,  and  to  muntaln  vegetable  and  animal  beings. 
Fourier  has  exercised  his  profound  mathematical  skill  in 
proving,  that  the  state  of  calorific  equilibrium  is  now  nearly 
attained,  or  that  the  waste  by  radiation  into  celestial  space 
is  nearly  compensated  by  the  expansion  of  heat  from  the 
central  parts  of  the  earth,  and  the  absorption  of  heat  from 
the  sunbeams  at  its  surface.  This  proposition  is  possibly 
just,  though  it  will  require  a  century  at  least  of  exact  thei^ 
mometric  observations,  to  place  it  among  the  inductive 
truths  of  science.  This  for  the  future ;  but  for  the  past, 
we  have  not  the  slightest  evidence  that  our  terraqueous 
globe  first  existed  as  a  molten  mass  ejected  from  the  solar 
fiimace.  Such  an  assumption  is  undeserving'  of  place  or 
respect  in  natural  philosophy. 

From  a  long  series  of  observations,  made  with  powerful 
telescopes,  Herschel  concluded  that  the,  solar  light  and 
beat  do  ^ot  emanate  from  the  body  or  nucleus  of  the  sun, 
but  from  certain  phosphoric  and  pycophoivc  t^ou^  "vW^ 
arepnxfucet/aiitf  developed  in  its  alnK«p\iete.  'fift'Cmavi^v 
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that  this  immetue  light-exciting  ocean  is  violently  agitated 
over  its  whole  surface,  causing  those  corrugations  of  its  disc 
vhich  be  has  so  well  described,  and  which  indeed  may  be 
observed  through  a  telescope  of  moderate  powers,  by  an 
even  unpractised  eye.  When  this  superficial  stratum  is 
broken  through,  and  widely  separated,  we  may  discern 
either  the  black  veil  of  subjacent  solar  clouds,  or  even  the 
solid  dark  nucleus  of  the  sun  itself.  Hence  Hersdiel  ac- 
counts for  the  dark  spots  which  frequently  bestrew  the  sun's 
disc,  and  for  the  shelving  margins  which  surround  them. 
Across  these  excavations  of  the  phosphoric  film,  bridges  of 
Ituninous  matter  are  seen  to  stretch,  which  extending  in 
breadth,  finally  cause  the  dark  chasm  to  disappear,  end 
restore  to  the  sun  all  Its  original  brightness.  The  area  of 
one  of  these  black  spots  is  often  much  greater  than  the 
whole  surface  of  the  terrestrial  globe.  When  the  eruptive 
storm  subsides  in  the  solar  atmosphere,  the  equilibrium  of 
its  parts  replaces  the  luciferous  layer.  Is  is  well  known 
that  these  spots,  first  observed  by  Galileo,  led  to  the  dis- 
covery of  the  sun's  motion  round  its  axis,  and  showed  that 
this  motion  is  accomplished  id  twenty-five  days  and  a  half. 
Had  Buffon  been  acquainted  with  these  great  excavations 
of  luminous  matter,  he  would  probably  have  ascribed  them 
to  a  projection  of  the  solar  substance  giving  origin  to  some 
new  planet  or  comet,  and  causing  diminution  of  the  sun's 
heat  proportional  to  the  darkened  portion  of  its  orb.  But 
Herschel  has  shown,  on  the  contrary,  that  the  seasons  in 
which  the  solar  spots  are  most  abundant,  are  characterised 
not  by  decreased  emanation  of  light  and  beat  to  the  earth, 
but  apparently  by  an  opposite  result.  We  hence  infer, 
that  these  spots  correspond,  and  are  owing  to  an  increased 
Activity  in  the  vibratory  motions,  by  which  the  sun  excites 
the  luminiferous  ether,  diffused  through  space. 

The  new  improvements  in  optics  afford  a  very  unexpected 
ineanB  of  determining  whether  it  be  true,  as  Herschel  ima- 
^aedt  that  the  solar  light  does  not  issue  tiom  an  incande- 
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scent  solid  or  fluid.  In  fact,  when  such  a  body  raised  to  a 
very  high  temperature,  becomes  luminous,  the  rays  which 
fly  off  in  all  directions,  do  not  come  from  the  outer  surface 
only,  but  also  proceed,  as  the  rays  of  heat  do,  from  a  mul> 
titude  of  material  points  placed  beneath  or  within  the 
sur&ce,  to  a  certain  depth,  extremely  small  indeed,  but 
aAually  existing.  Now,  such  of  these  rays  as  traverse  the 
envelope  of  the  heated  mass  obliquely,  acquire  and  preserre 
a  peculiar  property,  which  can  be  rendered  sensible  by  ex- 
periment; they  are  polarised.  But  if  the  same  mass, 
instead  of  being  rendered  luminous  by  its  proper  temper- 
ature, be  only  covered  with  an  exterior  film  of  flame,  which 
is  the  source  of  its  light,  the  rays  do  not  then  possess  this 
.  property. 

Science  has  thus  been  enabled  to  submit  to  this  singular 
test,  the  light  which  the  sun  sends  to  us.  M.  Arago,  the 
author  of  this  beautiful  experiment,  and  by  whose  labours 
physics  and  astronomy  have  beun  often  enriched,  has  in 
&ct  discovered,  that  the  rays  of  the  sun,  when  transmitted 
even  obliquely,  are  not  polarised.  It  is  therefore  obvious, 
that  in  regard  to  the  point  in  question,  the  opinion  pro* 
posed  by  Herschel  is  immediately  deducible  from  the  latest 
discovered  properties  of  solar  light, 

These  results  are  fatal  to  Buffon  and  the  various  Vulcan- 
ists  of  hb  school.  Such  theorists  can  no  longer  have  re- 
course to  the  sun  as  a  furnace  out  of  which  to  scoop  ignited 
^heres;  for  the  nucleus  of  that  luminary  may  possibly 
enjoy  a  habitable  planetary  temperature. 

Two  motives  have  engaged  me  to  undertake  the  pre- 
sent work.  First,  a  desire  to  lay  before  the  world  a  view 
of  certain  intrinsic  sources  of  change  in  the  constitution 
of  the  earth,  which  seem  to  have  escaped  the  observation 
of  philosophers,  but  wliich  appear  to  me  deducible  from 
modern  physical  and  geological  discovery.  Second,  a  wish 
to  lead  popular  students  of  philosophy,  to  tX\e  nvoi^  e.^^ 
TeJighus  uses  of  that  koowledge. 
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Science  has  lately  gdned  a  vast  accesdon  of  votaries. 
During  the  first  twenty  years  of  this  century,  tlie  only  pub- 
lic endowment  in  Europe  for  teaching  the  scientific  prin-  ' 
ciples  of  the  Arts  to  Artisans,  by  regular  courses  of  lectures, 
VBS  that  founded  by  Professor  Anderson,  first  administered 
for  three  years  by  Dr.  Birkbeck,  and  ever  since  by  myself. 
M.  Dupin's  favourable  report  of  the  beneficial  results  of 
my  tuition  among  the  Glasgow  Artisans,  published  in  his 
Tour  through  Great  Britain,  in  1817,  drew  general  atten- 
don  to  the  diffusion  of  science  among  the  people ;  and 
within  a  few  years  of  this  date,  the  Edinburgh  School  of 
Arts,  the  popular  lectures  in  the  Conservatory  of  Arts  in 
Paris,  and  the  Mechanics'  Institutions  of  London  and  other 
cities  were  established.  Such  is  the  spirit  now  diffused 
among  the  multitude,  that  from  the  capital  to  the  hamlet, 
Newton  and  Laplace,  Lavoisier  and  Davy,  have  become 
household  words.  The  plodding  mechanic  fancies  himself 
suddenly  grown  an  adept  in  Dynamics,  and  the  apprentice 
boy  a  master  of  Statical  problems.  We  are  not  to  wonder, 
that  when  physics  first  unfolds  its  Diorama  to  their  view, 
it  should  raise  their  minds  to  a  state  of  morbid  excitement, 
and  give  birth  to  strange  imaginations.  We  may  even 
expect  to  encounter  much  of  that  dangerous  dogmatism, 
which  a  little  learning  is  apt  to  inspire.  But  these  transi- 
tion disturbances  will  subside,  as  sound  knowledge  is  gained. 
Were  nothing  but  substantial  inductive  science  presented 
in  these  seminaries,  neither  the  mental  nor  moral  consti- 
tution of  the  multitude  would  be  exposed  to  any  hazard. 
During  the  first  1 7  years  of  my  popular  courses,  till  about 
the  year  1820,  most  of  the  Proprietors  of  our  great  Factories 
encouraged  the  attendance  of  their  Journeymen  and 
Apprentices  on  the  Lectures,  and  frequently  distributed  tick- 
ets of  admission  to  the  most  deserving,  under  a  conviction 
that  both  their  dispositions  and  talents  were  thereby  im- 
prov'eA,  About  this  period,  a  general  schism  between  the 
Masters  and  Wortmen  began  to  spread  tltaoQ^  "ive  -mttaM- 
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facturing  districts  of  the  kingdom.  At  the  same  era,  it  ' 
was,  that  the  schools  for  popularising  science  began  to  be 
established.  This  coincidence  in  time,  has  afforded  un- 
luckily, a  colour  for  ascribing  to  philosophy  the  spirit  of 
misrule  and  irreligion,  which  then  took  possession  of  many 
minds,  previously  docile  and  pious.  Nor  will  any  one  deny, 
that  if  under  the  pretence  of  expounding  to  students  the 
elements  of  mechanical  or  astronomical  science,  the  teacher 
shall  insidiously  undermine  the  principles  of  natural  and 
revealed  religion,  and  promote  the  desire,  too  common, 
alas  1  of  emancipating  the  conscience  from  the  control  of 
an  Omniscient  Witness,  and  an  Unerring  Judge ;  he  may 
render  the  school  of  philosophy  a  pesthouse  of  morals.  Even 
those  pseudo-philanthropbts,  who,  reviling  the  doctrines 
of  faith,  and  renouncing  the  powers  of  a  world  to  come, 
pretend,  by  human  sanctions  and  expedients,  to  erect  a  king- 
dom of  virtue  and  happiness  in  tliis  world,  should  beware 
of  placing  such  scorners  in  the  chair  of  philosophy,  lest 
by  ]oc»ening  the  frame  work  of  society,  they  bring  down  a 
second  fearful  crash  of  atheism  and  crime:— 

"  Orsve  ne  rediret  Beciilum  I^Trfase 
Hova  monstra  quettuin."'^HoK. 

But  cert^nly,  the  science  of  the  Newtonian  school,  taught 
in  the  spirit  of  its  illustrious  author,  is  propitious  to  man 
in  every  rank  of  life,  promoting  his  piety  as  a  Christian, 
his  kindness  as  a  master,  and  his  fidelity  as  a  servant. 

That  all  knowledge  is  in  every  case  and  in  every 
degree  a  good,  and  ignorance  the  parent  of  every  evil,  are 
popular  maxims  of  the  day ;  and  seem,  at  first  sight,  to  be 
equally  sound  in  theory,  and  safe  in  practice.  But  they 
caiihot  be  received  without  much  modification.  Widi 
kriqwledge,  responsibility  increases,  and  failing  fulfilment, 
guilt ;  *'  For  by  the  law  is  the  knowledge  ^)f  sin.  Nay," 
says  a  great  master  of  morals,  "  I  had  not  known  s\n  baS. 
by  the  law, "  Kaowledgs  is  therefore  an  essenlvsA  e\esnraA  dv 
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criminal  purpose  and  criminal  action.  It  may  comimuni-* 
cate  power  indeed;  but  if  power  be  so  imparted  to  a 
malignant  being,  that  knowledge  will  become  the  parent  of 
evil.  This  consequence  has  been  enforced  with  great  feli- 
city of  illustration  in  the  story  of  Caliph  Vathek,  a  phi- 
losophical romance,  which  clearly  shows  how  increase  of 
knowledge  iri  a  wicked  mind,  may  merely  aggravate  misery 
and  vice.  This  is  also  the  great  moral  of  Gcethe's  Faust, 
and  the  Manfred  of  B3rron ;  two  of  the  most  powerful  per- 
sonifications of  the  workings  of  unhallowed  knowledge, 
ever  imbodied  by  genius. 

**  They  who  know  the  most, 
Must  mourn  the  deepest  o'er  the  fatal  truth. 
The  tree  of  knowledge  is  not  that  of  life."— Byron. 

Even  in  our  daily  experience,  we  learn  to  our  cost,  that 
the  most  knowing  of  our  acquaintances,  are  not  always 
either  the  safest  or  the  best 

Knowledge,  in  its  ordinary  acceptation,  is  power;  and 
it  is  nothing  more.  It  is  a  weapon  which  may  effect  good 
or  evil,  according  to  the  intention  with  which  it  is  wielded. 
It  gives  force  and  permanence  to  despotism,  whether  of 
the  manv,  or  the  few.  Tliere  is  no  doubt  another  and  a 
better  sense  in  which  knowledge  may  be  taken,  biit  one 
tooseldom  implied  in  philosophical  disquisition, — the  know- 
ledge of  the  Being  and  Will  of  God,  as  conveyed  in  the 
Scriptures.  This  knowledge  likewise  confers  power,  but 
not  the  power  of  doing  evil.  The  consciousness  of  a  su- 
perintending Omnipotence  must  restrain  criminal  desire, 
and  promote  virtuous  principle. 

It  is  therefore  devoutly  to  be  wished,  that  the  strenuous, 
and  in  general  laudable  efforts,  now  making  to  diffuse 
knowledge  and  its  concomitant  power  among  the  people, 
should  be  made  conducive  to  the  welfare  of  mankind  at 
large.  When  the  streams  formerly  pent  up  in  narrow 
channels  on  elevated  land,  and  there  accessible  to  only  a  few 
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vigorous  imnds,  are  drawn  off  in  numerous  rillij  to  irrigate 
the  lower  levels  of  society ;  the  prudent  Philanthropist,  in 
spreading  the  refreshing  waters  over  the  thirsty  soil,  will 
be  careful  in  its  distribution.  He  will  not  inundate  his 
fields  at  random,  lest  he  sap  the  vigorous  roots,  and  loosen 
the  tender  ones  altogether.  The  system  may,  in  fact,  be 
judged  by  its  fruits ;  for  if  its  leading  partisans  be  men  of 
turbulent  or  dissolute  lives,  it  may  be  deemed  pernicious. 

The  objects,  order  and  changes  of  the  material  sys- 
tem may  be  contemplated  through  the  medium  of  either 
an  insane*  or  a  sound  philosophy,  according  as  they  are 
considered  to  be  the  of&pring  merely  of  certain  deve- 
loping forces  miscalled  Nature,  or  as  thecreaUon  and  ordi- 
nances of  the  one  living  and  true  God.  The  first  plan  of 
study  sedulously  conceals  or  even  seeks  to  efface  the  many 
features  of  wisdom  and  goodness  impressed  on  his  works  ; 
the  second  diligently  deciphers  them  as  the  best  and  highest 
lessons  of  philosophy.  Thus  the  Systeiae  du  Monde  of 
Laplace,  leaves  the  mind  afloat  in  a  dark  and  viewless  void; 
while  Newton's  Principia  lead  our  thoughts  up  to  the  Father 
of  Light  and  Life. 

"  The  greaU^  benefit  which  the  sublime  science  of  astro- 
nomy can  confer,  is,  to  dissipate  the  fears  occasioned  by 
extraordinary  celestial  phenomena,  and  to  destroy  the  errors 
resulting  from  ignorance  of  our  true  relations  widi  nature, 
errors  the  more  deplorable,  as  social  order  must  repose 
solely  on  these  relations.  Truth  and  Justice  are  its  im- 
mutable laws."  Such  is  the  grand  peroration  of  Laplace's 
masterly  exposition  of  the  system  of  the  world,  presented 
to  his  countrymen  in  the  fourth  year  of  the  Republic. 
What  a  very  different  work  would  his  eloquence  have  pen- 
ned, if  unchiUed  by  the  scepticism  of  that  period,  his  bosom 
had  been  kindled  by  a  spark  of  the  diviner  fire  which sanc- 

•  "  Inaaaientis  Jum  sapientix, 

Consultus  orro,"— HoRAT.  Caim.  \.  "AX. 
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tified  the  soul  of  Newton  h  Let  us  now  hear  his  conclusion 
of  the  whole  matten  Ekgantissima  Juecce  solis,  planetarum^ 
ei  cametarumy  compages^  non  nisi  consUid  et  daminio  entis  ifad- 
ligentis  et  poteritis  oriripotuit  Hie  omnia  regitj  non  ttt  anima 
mundiy  sed  ui  universorum  daminus.  ....  Et  Iubc  de  DeOf 
de  qiu)  utigue  ex  phenamenis  dissererCf  ad  philosophiam  natU" 
ralempertitfet  **  This  most  elegant  system  of  sun,  planets, 
and  comets,  could  not  have  existed  but  by  the  will  and  com-> 
mand  of  an  intelligent  and  powerful  Being.  He  regulates 
all  things,  not  ^  the  soul  of  the  world,  but  as  the  Lord  of  the 
universe.  Him  we  see,  only  in  hfs  powers  and  attributes ; 
him,  we  admire,  in  his  most  wise  and  excellent  structure 
of  things,  in  tiis  final  causes,  and  perfections ;  him  we  vene- 
rate and  adore,  in  his.  government.  We  worship  him  as 
servants;  for  a  God  without  dominion,  providence,  and 
final  causes,  is  nothing  else  than  fate  and  nature.  From  a 
blind  metaphysical  necessity,  always  and  every  where  the 
same,  no  variation  of  things  could  proceed.  The  whole 
diversity  of  the  Universe,  in  its  several  places  and  times, 
could  only  have  arisen  from  the  ideas  and  will  of  a  self- 
existing  Being.  And  these  are  the  conclusions  concerning 
God,  which  flow  from  the  phenomena  of  Nature,  by  tlie 
principles  of  Natural  Philosophy." 

•*  The  first  end  to  which  all  wisdom  or  knowledge  ought  ^ 
to  be  employed,  is  to  illustrate  the  wisdom  or  goodness  of 
the  Father  of  Nature.  Every  science  that  is  cultivated  by 
men,  leads  naturally  to  religious  thought,  from  the  study 
of  the  plant  that  grows  beneath  our  feet,  to  that  of  the 
host  of  heavep  above  us,  who  perform  their  stated  revolu- 
tibns  in  majestic  silence  amid  the  expanse  of  infinity. 
With  reverential  awe,  every  great  or  elevated  mind  will 
approach  to  jhe  study  of  Nature,  and  with  feelings  of  ador- 
ation and  gratitude,  he  will  receive  the  illumination  that 
gradually  opens  upon  his  soul.  It  is  not  the  lifeless  mass 
of  mattei*,  he  will  then  feel,  that  he  is  examining ; — it  is 
t/je  mighty  machine  of  Eternal  Wisdom ;  the  workman- 
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^ip  of  Him,  *  in  whom  erery  thing  lives,  and  mores,  and 
has  its  being.'  Under  an  aspect  of  this  kind,  it  is  impo»- 
sible  to  pursue  knowledge  without  mingling  with  it  the  most 
elevated  sentiments  of  devotion  ;^it  is  impossible  to  per- 
ceive the  laws  of  nature,  without  perceiving  at  the  same 
Ume,  the  Presence  and  the  Providence  of  the  Lawgiver, — 
and  thus  it  ia,  that  in  every  age,  the  evidences  of  religion 
have  advanced  with  the  progress  of  true  philosophy ;  and 
that  science,  in  erecting  a  monument  to  lierself,  has,  at  the 
same  time,  erected  an  altar  to  the  Deity," — AliBcn. 

Negligentof  these  truths,  it  has  becotnethefashiotiwithseve- 
ral  systematists  to  obliteratefrom  their  transcript  of  Nature, 
those  traces  of  creative  design  which  have  been  inscribed 
on  every  page  of  the  original,  for  the  delight  and  elevation 
of  the  student's  mind.  This  is  a  deed  of  singular  demerit, 
derogatory  at  once  from  the  well-being  of  man,  and  the 
gloiy  of  God.    Should  the  harmonious  co-operation  of  the 

.  elemental  powers,  light,  heat,  and  electricity,  towards  their 
manifold  subjects,  solid,  liquid,  andaeriform,  becontemplated 
as  the  preconcerted  wisdom  of  Heaven,  this  idea  is  scouted  as 
fanatical.  Are  Final  causes,  or  the  purposes  of  individual 
being,  nolonger  to  be  sought  after  soberly  in  physics,  because, 
forsooth,  in  the  infancy  of  science,  phantasms' were  taken 
lor  realities  in  this  delicate  research  ?  The  same  rule  should 
make  us  renounce  every  scientific  inference ;  because,  in 
one  shape  or  anotlier,  it  may  have  been  absurdly  drawn 

'  before.  Final  causes,  the  conditions  of  existence,  or  the 
correlation  of  parts  and  functions,  constitute  the  unceasing 
study  of  the  genuine  Naturalist,  who  investigates  the  prin- 
ciples of  organic  life.  Because  Galen,  in  bis  treatise  de 
VsK  Partium,  has  given  unfounded  fancies  for  final  causes, 
k  Cuvier  to  be  denounced  foe  inferring  the  shape  and  size 
of  an  unknown  animal,  its  tribe,  genus,  and  species,  whe- 
ther living  or  extinct,  from  a  single  fossil  bone  ?  In  fact, 
final  causes,  or  the  mutual  uses  and  subsernenc^  o^  '^t\&, 
are  his  sole  guides  in  this  intricate  labyrinth. 
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We  readily  admit  that  the  time  has  not  arrived,  and  may 
perhaps  be  still  far  distant,  when  the  experimental  philo- 
sopher may  safely  employ  final  causes  as  the  leading  clue  in 
his  inquiries.  In  the  history  of  ancient,  and  the  early 
periods  of  modem  physics,  final  causes  were  often  assigned^ 
before  the  proximate  or  operative  causes  had  been  explained, 
or  perhaps  examined.  This  inversion  of  inductive  logic, 
need  hardly  be  apprehended  from  any  experimentalist  of 
reputation  in  the  present  day.  In  such  circumstances,  there- 
fore, the  temperate  use  of  final  causes  may  be  encouraged, 
first  as  serving  to  arrange  several  inductions  under  a  gene- 
ral head,  but  especially  as  displaying  the  concerted  har- 
monies of  Providence.  The  outcry  against  them  is  one  of 
the  countersigns  of  the  sceptical  school. 

Physical  lessons  for  youth  and  the  people  should  be 
selected  with  care.  That  the  system  of  nature  has  been, 
and  may  be  exhibited,  in  so  distorted  a  form,  as  to  impress 
improper  images  on  the  common  mind,  will  hardly  be  denied 
by  the  most  zealous  partisan  of  the  knowing  faculties.  On 
this  delicate  topic,  I  gladly  avail  myself  of  the  following 
acute  remarks  from  a  work,  distinguished  for  the  liberality 
of  its  views. 

"  In  sober  truth,  doubts  are  excited  in  minds,  that  had 
never  heard  of  doubts,  or  suspected  their  existence.  Tre- 
maine  gives  the  means  of  doubting,  but  he  does  not  give 
the  antidote.  His  counter  arguments  will  not  confer  the 
power  of  reasoning,  the  feelings  side  inyariably  with  the 
devil,  and  the  result  is  consequently  obvious.  It  is  not  by 
the  dry  statement  of  opposing  arguments,  that  the  dia- 
logist  can  canry  the  victory  which  he  feels  he  possesses  in 
himself;  the  affections  or  the  prejudices,  human  depravity 
or  human  pride,  takes  a  part;  the  bias  is  on  the  wrong 
side,  and  he  who  does  not  like  to  be  convinced,  naturally 
sides  with  the  antagonist."* 

•  Westminster  Review,  Vol.  IV.  p.  30\. 
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This  is  a  sufficiently  humiliating  account  of  the  natural 
propensities  of  the  human  heart.  Discretion  should  there- 
fore be  exerdsed  in  preparing  mental  food  for  the  people. 
Only  sound  articlei  should  be  served  up,  and  such  equivocal 
speculations  be  witlield,  as  may  readily  ferment  into  moral 
poison.  In  the  course  of  my  own  public  experience  during 
a  quarter  of  a  century,  1  have  often  observed  the  avidity 
with  which  every  phenomenon  apparently  adverse  to  natural 
or  revealed  religion  is  seized,  and  the  reluctance  with 
which  it  is  renounced  by  the  will,  long  after  the  fallacy  has 
been  made  manifest  to  the  understanding. 

Thus,  for  example,  I  have  met  with  individuals  of  con- 
siderable pretensions  to  candour  and  sagacity,  who  having 
devoured  with  greedy  eyes,  the  story  told  by  Brydone,  in 
hb  Sicilian  Tour,  about  the  Canon  Ricupero,  conceive  that 
it  justifies  them  in  reviling  the  chronology  and  character  of 
Moses.  The  Omon,  though  a  weak  enough  theorist,  was 
a  man  of  undoubted  piety,  and  had  certainly  no  desire 
to  call  any  Bible  truth  in  question.  Dolomieu,  who  knew 
him,  censures  severely  the  Scottish  traveller  for  his  ungene- 
rous return  to  the  Canon's  hospitality,  in  unhandsomely 
exposing  him  to  ridicule,  and  but  for  his  excellent  private 
character,  to  the  castigation  of  the  church.  Ricupero  is 
s^d  to  have  fancied  that  a  bed  of  lava  required  2000  years 
to  gain  a  coating  of  soil,  by  the  decomposition  of  its  sur- 
face.  Having  observed  in  a  pit  in  the  neighbourhood  of 
^tna,  7  lava  beds  lying  over  one  another,  with  a  stratum 
<^  rich  earth  between  each,  he  was  said  to  infer  that  the 
mouatain  was  14,000  years  old.  His  bishop  ts  also 
reported  to  have  counselled  him  not  to  make  his  mountain 
older  than  Moses  had  made  the  earth ;  a  most  philosophical 
advice,  as  we  shall  presently  see. 

The  facts  exhibited  by  j^tna  ore  so  directly  hostile  to  any 
such  conclusions,  that  we  can  hardly  suppose  the  Canon  ever 
to  have  fornied  them  ;  and  are  led  to  suppose  rive  s\ox^  ». 
mere  jest,  got  up  in  contempt  of  the  Canon's  iee\K\^\si 
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please  th^  dissolute  society,  in  which  Brydone  is  known  to 
b^ve  lived  for  some  time.  Let  us  see  what  a  geologist 
says,  in  treating  of  iEtna,  who  probably  never  heard  of  the 
Sqotchipan  or  his  travels. 

**  Xhe  lava  of  1157  is  covered  with  12  inches  of  vege- 
table earth  proceeding  from  its  own  decomposition ;  that 
of  1329  is  covered  with  8  inches.  On  the  other  hand, 
several  of  the  lavas  of  Auvergne  liitve  mmntained  ah  entire 
surface,  all  over  blistered,  and  bristling  with  asperities, 
whose  edges  and  angles  are  still  sharp  and  well  preserved. 
We  might  even  imagine  these  lava  streams  to  have  just 
flowed  from  the  bowels  of  the  earth,  and  that  they  had 
hardly  had  tim,e  to  cool.  It  is,  however,  probable  that  these 
lavas  have  lain  on  the  soil  of  Auvergne  for  8000  years, 
exposed  to  the  action  of  the  elements.  Two  thousand 
years  have.elapsed  since  Caesar  encamped  upon  them ;  and 
even  in  his  day  tradition  could  tell  him  nothing  about 
thjeir  origin.  The  fertility  of  the  lands  on  i£tna,  however, 
is  a  subject  of  admiration  to  all  who  visit  the  mountain."* 

Here  we  see,  in  the  first  place,  that  no  inference  whaiw 
ever  can  be  made  as  to  the  age  of  a  lavs^  from  the  state 
of  its  surface.  The  tendency  to  decompose  differs  in  every 
specimen.  We  see,  in  the  second  place,  that  in  500  years 
a  good  vegetable  mould  may  be  formed,  which  multiplied  by 
7,  carries  us  back  to  a  period  only  600  years  after  the  deluge. 

Prior  to  the  appearance  of  Brydone's  book,  Sir  William 
Haipilton  had  shown  that  over  Herculaneum  in  less  than 
1700  years,  "the  matter  of  6  eruptions  has  taken  its  course 
over  that  which  lies  immediately  above  the  town,  and  was 
the  cause  of  its  destruction.  These  strata  are  eitlier  of 
lava  or  burnt  matter  tuith  veins  of  good  soil  betwixt  them.\ 
Here  243  years  are  enough  for  decomposition,  instead  of 
Brydone's  2000. 


•  P'Aubuisson  Geognosie,  Tom.  II.  pp.  592,  593. 
t  Philosophical  Transactions,  Vol.  LXL  p.  7. 
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But  the  most  singular  evidence  cemaios,  about  tbia 
castle  of  scepticism.  In  Dr.  Daubeny's  interesting  sketch 
of  the  geology  of  Sicily^  drawn  up  after  an  extensive  tour 
lately  made  in  the  island,  we  have  the  following  description 
of  the  beds  of  lava  in  the  famous  pit,  at  Aci  Reale,  on 
which  Ricupero  was  made  to  speculate. 

^^At  all  events  Brydone  has  been  grossly  deceived  in 
imagining,  that  the':»seven  beds  of  lava  seen  lying,  one 
above  another,  near  the  spot,  have  been  sufficiently  decom* 
posed  into  vegetable  mould;  the  substance  which  really 
intervenes  between  the  beds  being  nothing  more  than  a 
sort  of  ferruginous  tuff,  just  similar  to  what  would  be  pn>*  ' 
duced  by  a  shower  of  volcanic  ashes,  such  as  usually  pre* 
cedes  or  follows  an  eruptbn  of  lava,  mixed  up  with  mud 
or  consolidated,  by  rain.  Of  course,  his  inference  with 
respect  to  tlie  antiquity  of  the  globe,  falls  to  the  ground, 
as  being  founded  on  the  fact  of  the  decomposition  of  so 
many  beds  of  lava,  which  turns  out  to  be  altogether  a 
mistake."* 

Geolc^ists  have  begun,  of  late  years,  to  survey  the  struc- 
ture of  the  earth  in  more  minute  and  patient  detail,  than 
their  dashing  predecessors ;  to  compare,  by  n^ p  and  sec- 
tion, its  most  interesting  provinces ;  to  contemplate  indivi- 
dual facts  directly,  and  not  through  the  dark  and  distort- 
ing medium  of  a  master's  cosmogony ;  and  to  examine, 
with  zoological  skill,  the  organic  inscriptions  of  its  dif&rent 
strata.  In  thus  studying  to  decipher  the  volume  of  its 
shelly  records,  they  have  exploded  many  mysteries,  inscru- 
table by  Werner,  Hutton,  and  the  early  fanatics  of  their 
schools,  to  whom  the  very  alphabet  of  the  language  was 
unknown.  In  this  new  field  of  knowledge,  the  English 
nation  stands  pre-eminent ;  against  no^  mean  rivalry,  how- 
ever, of  the  naturalists  of  France.  Emulation  has  here 
produced  the  happiest  effects ;  for  \yhile  the  mineral  super- 

•  Edinburgh  Philosophical  Journal,  Vo\.X\\\.\),'^^^. 
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positions.of  England  have  received  admirable  illustration, 
from  the  sagacity  of  Smith,  Greenough,  Macculloch, 
Conybeare,  Phillips,  Buckland,  De  la  Beche,  Webster, 
Winch,  and  several  other  members  of  the  London  Society, 
Brogniart  and  Von  Buch  have  revealed  many  wonders  in 
French,  Swiss,  and  Italian  geology,  and  the  two  Cuviers, 
Blainville,  Lamarcke,  and  Defranee,  have  thrown  surpris- 
ing light  on  the  zoology  of  fossils.  By  directing  his  pro- 
found knowledge  of  comparative  anatomy,  to  antediluvian 
osteology,  Sir  Everard  Home  has  gathered  fresh  laurels ; 
nor  have  the  German  and  Italian  mineralogists  been  for- 
getful of  their  fame  in  this  difficult  career.  The  joint 
labours  of  all  these  philosophers,  have  been  embodied  by  a 
master's  hand,  along  with  his  own  unrivalled  studies  in  the 
Ossemens  FossUes  of  Baron  Cuvier;  a  magnificent  pro- 
duction of  which,  it  is  difficult  to  say,  whether  the  science, 
eloquence,  or  candour,  be  most  worthy  of  admiration. 

By  such  conspiring  researches,  an  interesting  gradation 
has  been  traced  in  the  species  of  organic  exuvia?  distri- 
buted throughout  the  secondary  strata,  in  their  order  of 
superposition.  Each  successive  mineral  bed  is  the  sepulchre 
of  a  peculiar  colony  of  shellfish.  These  relics  of  life  have 
thus  acquired  singular  importance.  They  furnish  stereo- 
type pages,  so  to  speak,  by  which  the  corresponding  or 
equivalent  geological  formations  may  be  read  and  recog- 
nised in  every  terrestrial  zone,  however  interrupted  the 
mineral  planes  may  be,  by  ravines,  mountains,  or  seas. 

Shell-limestone  constitutes  the  main  body  of  secondary 
formations ;  which  indeed  may  be  regarded  all  together  as 
only  one  enormous  calcareous  stratum,  forming,  with  a  few 
interruptions,  the  external  envelope  of  the  solid  mass  of 
the  globe,  and  alternating  occasionally  with  ranges  of 
gypsum,  marl,  sandstone,  and  clay.* 

*That  conchiferous  strata  are  as  common  in  remote  regions,  as  at  home, 
the  general  reader  may  learn  from  the  following  account  of  the  structure 
of  rocks  in  places,  with  whose  names,  at  least,  he  must  be  familiar. 
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The  lowest  of  these  beds  are  characterised  by  remains 
of  the  simplest  forms  of  animals,  to  which^  in  the  living 
state,  the  name  polyparies  is  given;  formerly  zoophytes 
from  a  mistaken  notion  of  their  participating  also  in  the 
nature  of  plants.  To  this  family  belong  Madreporites, 
Encrinites,  Corals,  Alcyonites,  &c.*  In  the  next  strata, 
molluscous  exuviae  occur;  animals  still  of  a  very  simple 
structure ;  of  which  the  earliest  specimens  are  Orthocera- 
tites,  Ammonites,  &c.  These  have  now  no  analogues 
among  living  beiiigs.  Rising  among  the  secondary  planes, 
we  find  in  our  coal  strata,  plants  of  species  unknown  to 
these  climates,  enormous  reeds,  bamboos,  ferns,  &c.  The 
calcareous  strata  which  succeed  the  coal,  contain  shells  in 
great  profusion,  though  still  of  kinds  different  from  those 
found  in  our  actual  seas.  They  are  termed  numismalites, 
belemnites,  gryphites,  terebratulites,  &c.  Bones  of  fishes, 
and  oviparous  amphibicLy  such  as  crocodiles,  turtles,  and 
some  reptiles,  begin  to  appear  a  little  further  up,  but  spar-< 
ingly  scattered  among  the  shells,  with  which  the  rocks  now 
teem,  and  frequently  to  such  a  degree,  as  to  compose  nearly 
the  whole  of  their  substance.     Among  the  superior  calcar- 

"  Palestine  appears  to  be  composed  principally  of  secondary  limestone, 
intermingled  with  trap-rocks.  Thus  the  country  between  Jerusalem  and 
Jaffii  is  compact  limestone :  the  hill  on  which  Nazareth  is  built  is  of  a 
gray-coloured  compact  limestone ;  the  field  of  blood,  mentioned  by  St. 
Matthew,  is  of  friable  limestone ;  David's  cave  (1  Samuel,  xxiv.)  appears 
also  to  be  situated  in  limestone ;  the  mount  of  Olives  is  of  limestone, 
in  part  granular ;  limestone  occurs  in  the  valley  of  Jchoshaphat ;  the 
rocks  around  the  pool  of  Siloah  are  of  limestone ;  on  Mount  Zion  the 
rocks  are  of  A  conchoidal  grayish  siliceous  limestone ;  Mount  Lebanon 
appears  principally  composed  of  limestone ;  Mount  Carmel  is  interest- 
ing, on  account  of  the  large  balls  of  quartz  contained  in  the  limestone ; 
all  the  rocks  in  fine  around  Jerusalem  are  of  compact  limestone,  in 
which  also  the  numerous  tombs  in  the  neighbourhood  are  hewn.  Mount 
Tabor,  Bethel,  Capernaum,  seem  to  be  also  calcareous." — SilUmarCs 
American  Journal^  June,  1825. 

•  See  a  great  variety  of  these  beautifiiUy  figured  in  the  second 
volume  of  ParkinsoD^s  Organic  Remains. 
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eons  and  marly  •traUythe  testaceous  remainsi  resemble  more 
nearly  the  genera  of  living  animals.  We  here  observe 
also  bones  of  lanumtineSy  whales,  and  other  cetaceous  fishes, 
along  with  a  few  vestiges  of  birds.  In  the  superior  and 
more  recent  beds,  bones  of  land  animals  occur ;  but  difier- 
ent  from  our  existing  genera ;  such  are  the  Paloeotheria, 
Anoplotheria,  Pterodac^tyles,  &c.  Last  of  all,  in  the  super- 
ficial layers  of  loam  and  gravel,  which  cover  almost  every 
land,  animals  near  akin  to  living  beings,  though  still  speci- 
fically distinguishable  in  some  respects,  lie  buried.  Here 
the  bones  of  the  fossil  elephant,  rhinoceros,  hippopotamus, 
8cc.  have  been  exhumed.''^ 

We  can  now  perceive  what  precision,  geology  may 
derive  from  the  circumstance,  that  at  two  remote  points  in 
the  plane  or  order  of  the  same  mineral  formation,  we  may 
expect  to  meet  the  same  general  family  of  marine  shells. 
"  Thus,"  says  Mr.  Conybeare  in  his  excellent  introduction 
to  the  Geology  of  England  and  Wales,  "  If  we  examine  a 
collection  of  fossils  from  the  chalk  of  Flamborough  Head, 
Dover  Cliff,  Paris,  or  Poland,  8  species  out  of  every  9  will 
be  the  same.  We  shall  observe  the  same  echinites  asso- 
ciated with  the  same  shells;  nearly  one-half  of  which 
echinites  will  be  found  to  belong  to  divisions  of  that  animal 
tribe,  unknown  in  a  recent  state,  and  indeed  never  met 
with  except  in  beds  of  chalk.  If  we  next  proceed  to 
inspect  parcels  of  fossils  from  the  carboniferous  limestone, 
from  whichever  locality  it  may  be  brought,  we  shall  find 
them  the  same  in  kind ;  the  same  corals,  the  same  encrinites, 
the  same  product  terebratula;,  spiriferae,  &c.  But  between 
the  organic  remains  of  the  chalk  and  mountain  (carboni- 
ferous) lime,  not  one  of  the  same  animal  species  will  be 
found,  hardly  any  thing  possessing  resemblance." 

These  facts  seem  to  indicate  that  as  each  peculiar  soil, 
exposure,  and  elevation,  on  the  surface  of  the  earth,  bears 

*  D'Aubuisson  and  Cuvier. 


TA8T  EXTENT  OF  COHCUIFEROUS  FORMATIONS.  ll 

its  peculiar  familiesof  plants^  so  each  peculiar  mineral  bed 
deposited  on  the  floor  of  that  primeval  ocean,  has  bred  its 
peculiar  tribes  of  animals.  The  texture  of  our  shell  lime- 
stones or  marbles,  would  lead  us  moreover  to  conclude,  that 
in  these  ancient  seas,  a  mdus  of  calcareous  paste  has  been 
plentifully  diffused,  in  which  were  tenderly  imbedded,  the 
most  delicate  shells  elaborated  from  it  in  countless  myriads. 

That  conchiferous  strata,  occupy  a  large  portion  of  the 
surface  of  the  earth,  has  been  generally  known  for  ages ; 
even  Ovid  tells  us  that  we  inhabit  sea-born  lands,  (factaa 
ex  aquore  terras.)  Accurate  accounts  and  figures  of  corals 
and  shells  were  published  in  the  year  1714,  by  the  learned 
Buttner,  who  removed  every  rational  doubt  respecting  the 
origin  of  these  bodies,  and  rendered  it  manifest  that  all 
these  fossils  had  primarily  been  inhabitants  of  the  ocean. 
£Ten  prior  to  that  period,  Bernard  Palissy,  a  Parisian,  had 
proved  that  the  fossil  shells  of  oar  strata,  were  animal 
remains  that  had  been  deposited  in  the  sea ;  and  that  the 
impressions  of  fishes,  occasionally  found  on  stones,  were 
actual  casts  of  these  marine  animals. 

Yet  Voltaire,  supposing  these  shells  to  countenance  the 
Mosaic  narrative  of  the  deluge,  (ttjough,  in  fact,  they  do 
not  belong  to  that  event,  but  to  fwior  epochs  of  the- world,) 
.issued  the  Ebilowing  infidel  rescript,  from'  the  Vatican  of 
Femey.  It  ts  a  good  specimen  of  the  philosophy  of  the 
sect,  and  may  help  us  to  judge  into  what  panics  the  truths 
of  revelation  are  ever  ready  to  throw  the  herd,  when  the 
leader  is  obliged  to  weave  such  a  veil  of  sophistry  and  false- 
hood, in  order  to  hide  a  mere  phantom  from  their  view. 

"  There  are  some  errors,"  says  Voltaire,  "  which  are 
only  for  the  people,  there  are  others  only  (or  philosophers. 
Perhaps  one  of  the  latter  kind  is  the  notion  entertained  by 
many  naturalists,  that  they  perceive,  all  over  the  earth, 
evidences  of  a  general  bouleversement  (subversion).  There  _ 
has  been  found  lu  the  mountains  of  Hessia,  a  stone  which, 
seemed  to  bear  liie impression  of  atuibot,  and.  osw'i!a&  ^^'^ 
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a  petrified  pike ;  and  it  has  thence  been  concluded,  that  the 
sea  and  the  rivers  have  flowed  time  about  over  the;  moun- 
tains. It  was  more  natural  to  suppose  that  these  fishes 
were  carried  thitlier  by  a  traveller,  who,  on  their  getting 
spoiled,  threw  them  away ;  and  they  became  petrified  in 
process  of  time.  But  this  idea  was  too  simple  and  too 
little  systematic. 

.  *'  There  have  been  also  seen  in  some  provinces  of  Italy, 
France,  &c.  small  shells,  which  are  asserted  to  be  natives 
of  the  sea  of  Syria.  I  do  not  mean  to  contest  their  origin, 
but  ought  we  not  to  call  to  mind  that  innumerable  crowd 
of  pilgrims,  and  crusaders,  who  carried  silver  to  the  Holy 
Land,  and  brought  back  shells  ?  And  woiild  people  rather 
believe  that  the  sea  of  Joppa  and  Sidon,  came  to  cover  Bur- 
gundy and  the  Milanese  ?  No  system  can  give  the  least 
probability  to  the  idea,  so  generally  diffused,  of  the  ocean 
having  rest;^ed  a  long  time  over  the  now  habitable  earth,  and 
of  men  having  formerly  lived  where  porpoises  and  whales 
at  present  roam.  Nothitig  in  vegetable  or  animal  life  Jias 
changed;  all  tJie  species  Jiave  continued  invariably  the  same. 

"  Some  persons  discovered,  or  thought  they  discovered, 
a  few  years  ago,  the  bones  of  a  rein  deer,  and  of  a  hippo- 
potamiis,  near  Etampes,  and  thence  concluded  tliat  the  Nile 
and  Lapland  had  been  anciently  on  a  pilgrimage  to  Paris. 
But  they  should  rather  have  supposed  that  some  virtuoso 
had  possessed  formerly  in  his  cabinet,  skeletons  of  the  rein 
deer  and  hippopotamus.  A  hundred  similar  examples 
invite  us  to  examine  a  long  time,  before»we  believe."* 

•  I  have  translated  the  first  paragraph  from  his  Dissertation  in  1749,  on 
the  changes  which  have  happened  to  our  globe,  and  the  second  from  his 
singularities  of  Nature,  published  in  1768: 

Voltaire's  lust  of  fame,  and  pride  of  literature,  led  him  to  make  a 
public  display,  without  compunction  or  reserve,  of  ever}'  spectre  of  phi- 
losophy that  haunted  his  restless  brain.  In  1738,  he  published  Elementt 
of  the  Newtonian  Philotophyy  without  understanding,  or  being  able  to 
solve,  a  single  problem  of  the  Principia.  He  comj^eted  in  the  same  year 
for  a  prize  firom  the  Academy  of  Sciences,  by  an  elaborate  dissertation 


cuvier's  discoveries  in  fossil  zoology.  liii 

On  so  absurd  a  text,  any  comment  is  superfluous. 

The  monuments  of  changes  in  the  constitution  of  animal 
and  vegetable  beings,  and  of  an  universal  deluge  which 
was  fatal  to  them  both,  are  so  marvellous  and  multiform, 
that  Baron  Cuvier,  by  their  means,  has  had  the  talent  to 
create  as  livjely  an  interest  for  the  ancient  empire  of  the 
dead,  as  for  the  kingdoms  of  living  nature.  In  accompany- 
ing him  through  the  dark  cemeteries  of  the  earth,  a 
mysterious  gleam  from  the  primeval  world  penetrates  our 
soul,  and  solemnly  awakens  its  deepest  faculties.  We 
seem  to  walk  among  new  orders  of  beings,  endowed  with 
extraordinary  forms,  and  exercising  paradoxical  functions. 
In  one  sepulchre  we  meet  with  a  sloth,  not  dwarfish  as  a 
small  dog,  like  our  existing  species,  but  of  the  gigantic 
stature  of  a  rhinoceros,  provided  with  enormous  arms  and 
claws  for  suspending  itself,  according  to  the  instincts  of  its 
kind,  from  trees  of  colossal  growth.  In  others,  we  find 
quadrupeds  bearing  wings  on  their  toes,  crocodiles  furnished 
with  fins,  but  no  feet,  and  lizards  of  whale-like  dimensions. 
These  all  speak  of  a  world  unlike  our  own,  the  fashion  of 
which  has  long  passed  away.  But  that  world,  the  victim 
of  sin,  will  not  have  perished  in  vain,  if  its  mighty  ruins 
serve  to  rouse  its  living  observers  from  their  slumberous 

on  Fire,  though  all  unversed  in  experimental  physics.  In  1741,  he 
addressed  to  the  same  learned  body,  a  Memoir  on  Living  Forces^  a  con- 
troverted problem  in  Dynamics,  while  he  was  imskilled  m  mechanical 
science.  His  Dissertation  on  the  Ckanget  that  have  happened  to  our  Globe, 
appeared  in  1749;  a  work  equally  remarkable  for  its  ignorance  of  every 
branch  of  Natural  History,  and  presumptuous  dogmatism.  And  finally 
his  Singu/arities  of  Nature  came  forth  in  1768.  Here  his  hatred  to 
Mose^  has  hurried  him  into  a  violation  of  many  scientific  truths,  which 
it  was  shameful  for  him,  at  that  period  of  discovery,  not  to  know,  or 
knowing  to  gainsay.  The  profligate  hypocrisy  of  the  French  noblesse 
and  churchmen  under  the  Regent  and  Louis  XV.  tended  to  produce 
m  minds  gifted  like  Voltaire's,  reaction  against  a  Christianity  so  corrupt 
and  heartless.  Thus  superstition  becomes  the  parent  of  iufidelitY^  cc 
result  equally*  exempViBed  in  much  of  modem  E»UTopc,  Bfi  \\.  \n^\w ^\€\«c^ 
Greece, 
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existence)  if  thej  lead  them  to  meditate  seriotislj  on  the 
origin  and  end  of  terrestrial  things^  and  to  improve  their 
brief  span  by  the  contemplation  of  the  wQrks  and  ways  of 
Providence.  Thus^  as  the  stream  of  civilization  advances 
towards  the  general  diffusion  of  knowledge,  truth,  and  piety» 
over  the  earth,  new  chambers  of  nature  are  unlocked,  new 
scenes  of  instruction  are  disclosed,  and  new  means  and 
motives  of  intellectual  and  moral  excellence  are  presented 
to  our  view. 

The  above  demonstrative  documents,  however  subversive 
of  the  reveries  of  Brydone  and  Voltaire,  will  hardly  be 
held  ^decisive,  by  resolute  doubters.  Freethinkers  have, 
in  fact,  little  freedom  of  thought.  Slaves  to  the  dark 
power,  which  their  appetites  and  passions  worship,  they 
dare  not  admit  the  light  of  truth  into  their  bosoms. 
Philosophy  must  therefore  be  allowed  to  have  its  bigots 
as  well  as  Religion  ;  and  the  former  are  certainly  neither 
the  most  amiable  nor  the  least  dangerous  of  the  two.  Let 
such  as  withold  their  assent  from  this  proposition,  consult 
the  Memoirs  of  Baron  Grimm  and  his  associate  Annalists, 
lliere  they  will  see  how  far  the  Idolatry  of  scepticism  tends 
tp  cherish  purity  of  life,  generosity  of  heart,  gentleness  of 
temper,  elevation  of  sentiment,  truth,  humility,  candour, 
and  all  the  germs  of  moral  excellence.  And  let  us  bear  in 
mind  that  the  individuals  so  graphically  portrayed,  were 
of  highly  accomplished  minds,  and  polished  manners.  Yet 
it  is  among  them  particularly,  that  we  may  discern  the  infant 
form  of  that  philosophic  Hydra,  which  soon  thereafter  reared 
its  hundred  heads  in  France,  sickening  the  nations  with  its 
breath.  Tlie  atmosphere,  though  purified  by  the  super- 
vening storms,  which  desolated  Europe,  still  contains  some 
of  the  effluvia,  ready  to  enter  every  predisposed  breast. 
But  their  agency  is  no  longer  restricted,  as  at  first,  to  the 
upper  sphere  of  speculative  savans.  Their  grosser  parti- 
cles have  settled  down  among  the  lower  grades  of  society ; 
they  are  disseminated  in  the  trade-wind  of  periodicals ;  and 
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have  converted .  many  a  workshop  and  cottage,  erewhile 
scenes  of  honest  industry  and  quiet,  into  arenas  of  deceit, 
misrule,. and  intemperance. 

Beings  thus  perverted  with  the  pride  of  corrupt  doctrines, 
lose  all  relish  for  pure  knowledge^  They  turn  a  deaf  ear 
to  the  strains  of  divine  philosophy,  liowever  wisely  she  may 
charm.  These  are  a  few  of  the  miserable  trophies  of  anti- 
theism  ;  these  the  fruits  of  a  little  learning,  divorced  from 
its  divine  origin  and  end. 

To  stem  this  foul  torrent  by  forcibly  raising  mounds  in 
its  way,  would  be  a  useless  labour.  We  must  remount  to 
its  sources,  and  give  them  a  wiser  and  a  safer  direction. 
We  must  lead  the  lofty  streams  of  science  into  the  legiti- 
mate channels,  wherein  they  will  flow  without  disastrous 
inundation,  and  spread  happiness  and  fertility  on  every  side. 
Thus  they  may  once  more  become  the  waters  of  life, 
refreshing  its  labours  here,  and  guiding  it  onwards  to  the 
regions  of  a  blessed  eternity. 

Placed  for  a  quarter  of  a  century,  at  the  head  of  the 
Parent  Seminary  for  diffusing  Science  among  the  people, 
and  an  eyewitness  of  many  of  the  evils  above  described, 
it  will  not,  I  presume,  be  deemed  unbecoming  my  character 
and  functions,  if  I  shall  humbly  endeavour  to  draw  forth 
the  accordances  of  Science  and  Revelation,  in  the  Structure 
and  Revolutions  of  our  globe.  May  I  indulge  the  hope  of 
strengthening  by  this  means,  the  faith  of  the  pious,  and  of 
removing  many  chimeral  obstructions,  in  the  path  of  truth, 
so  as  to  enable  the  candid  student  to  discard  his  turbulent 
doubts,  and  '<  find  joy  and  peace  in  believing." 
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BOOK  I.— THE  PRIMORDIAL  WORLD. 

CHAP.  I.— GENERAL  OBSERVATIONS  ON  THE  FORMS  OF 

MATTER, 

The  Objects  to  be  examined  in  this  Book  are  the  General  Forms 
of  Mattery  Lighty  the  Atmosphercy  and  the  Primitive  Structure 
of  die  Terraqueous  Globe, 

Uniform  experience  proves  that  every  species  of 
matter,  however  diiferent  its  essence  may  be,  is 
susceptible  of  assunling  three  most  distinguishable 
forms ; '  the  solid,  the  liquid,  and  the  gaseous  or 
aerial  j  of  which  forms  we  have  familiar  examples 
in  ice,  water,  and  vapour  or  steam.  We  learn, 
by  scientific  research,  that  each  particular  form 
depends  on  the  relation  between  two  opposite  and 
contending  powers  ;  the  attractive  and  repulsive. 
When  the  former  power  predominates,  solidity  pre- 
vails ;  when  the  latter,  gaseity  or  tlie  aerial  state ; 
and  when  the  two  are  nearly  balanced,  the  liquid 
condition  results.  Intermediate  or  transitive  forms 
are  also  possible,  such  as  the  s^mi-fluid,  and  the 
semi-gaseous,  but  to  these  two  no  importance  is 
attached,  in  our  present  inquiry. 
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Thfe'->£tractive  force  is  that,  which  under  various 

modijfi!»ations,  gives   origin   to  cohesion,  tenacity, 

hardness,  crystallization,  and  gravitation.     Had  it 

/.'reined  alone  in  the  terrestrial  system,  every  thing 

/•';*';«^ould  have  been  condensed  into  a  motionless  mass, 

*  *•  in  which  water  and  air  would  have  been  as  fixed  as 
•  •  • 

the  solid  rock. 

This,  therefore,  is  the  natural  condition  into 
which  the  attractive  particles  of  matter  sponta- 
neously tend  to  come,  and  at  which  they  do  arrive, 
unless  counteracted  by  the  divellent  force,  called 
caloric  or  heat. 

Chemical  experimentalists  have  been  too  easily  led 
away  in  their .  notions  of  this  power,  by  certain 
vague  analogies  with  their  own  familiar  elements  ; 
and  have  spoken  of  it  as  a  peculiar  elastic  fluid, 
pervading  the  pores  of  all  bodies,  in  different  quan- 
tities, according  to  their  specific  heats,  and  their 
actual  temperatures.  They  talk  of  its  transfer  from 
one  body  to  another,  upon  any  change  of  cfapacity, 
or  any  disturbance  of  the  thermometric '  equili- 
brium ;  of  its  radiating  from  surfaces  by  a  conti- 
nuous efflux,  and  thus  projecting  its  particles  to  the 
greatest  distances  with  inconceivable  velocity.  But 
insuperable  difficulties  attend  the  very  conception 
of  such  a  radiating  and  self-acting  fluid.  Associated 
with  light  in  the  sunbeam,  heat  must  also  follow 
its  theoretic  fortunes.  If  light  consist  in  certain 
vibratory  affections  of  an  elastic  ethereous  medium, 
so  must  heat.  Experiments  demonstrate  that  the 
calorific  power  extends  beyond  the  limit  of  the 
red  rays,  in  the  prismatic  spectrum,  or  is  less  refran- 
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gible  than  them.  It  must,  therefore,  consist  of 
longer  oscillations  than  those  which  we  shall'  see 
constitute  red  light,  and  which  are  one  forty  thou- 
sandth of  an  inch  in  length.  Such  undulations  at  a 
certain  intensity  will  expand  the  ponderable  matter 
of  bodies  which  they  actuate,  so  as  to  impair  and 
finally  to  subdue  its  cohesive  force ;  whence  the 
phenomena  of  softness,  brittleness,  fluidity,  and 
vaporisation  will  arise.  All  the  undulations  included 
between  the  extremes  of  one  sixty  thousandth  of  an 
inch  for  the  violet  rays,  and  one  forty  thousandth 
of  an  inch  for  the  red,  are  visible,  that  is,  they  are 
•  capable  of  exciting  vibrations  in  the  optic  nerve  j 
those  which  are  less  than  one  sixty  thousandth  can 
excite  chemical  effects,  and  those  which  are  greater 
than  one  forty  thousandth  can  excite  heating  effects, 
though  they  cause  no  sensation  of  light  in  the 
human  eye.   . 

It  is  probable,  says  Dr.  Young,  that  light  and 
heat  occur  to  us,  each  in  two  predicaments,  the 
vibratory  or  penftanent,  and  the  undulatoiy  or  tran- 
sient state ;  vibratory  light  being  the  minute  motion 
of  ignited  bodies,  or  of  solar  phosphori,  and  undu- 
latory  or  radiant  light,  the  motion  of  the  ethereal 
medium  excited  by  these  vibrations.  Vibratory  . 
heat  is  a  motion  to  which  all  material  substances 
are  liable,  and  which  is  more  or  .less  permanent ; 
and.undulatory  heat  is  that  motion  of  the  same 
ethereal  medium  which  has  been  shown  by  Pictet 
and  Herschel  to  be  capable  of  reflection  and  separ- 
ate reiraction,  like  common  light.  Newton  e.tvtei- 
tained  the  same  sentiments.     He  tegaiiei^vwA,  a& 
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consisting  in  a  minute  vibratory  motion  of  the  par* 
tides  of  bodies  ;  a  motion  communicable  through 
an  apparent  vacuum,  by  the  undulations  of  an 
elastic  medimn,  which  is  also  concerned  in  the 
phenomena  of  light.  Such  vibrations  maybe  excited 
among  the  molecules  of  bodies,  by  percussion,  fric- 
tion, and  the  internal  motions  of  matter  which 
accompany,  and  probably  constitute,  its  cliemical 
changes.  But  the  particles  of  fluids  wliich  cannot 
be  heated  by  the  most  violent  mechanical  friction 
or  percussion,  seem  to  possess  hardly  any  power  of 
imparting  heat  to  one  another ;  showing  apparently 
some  analogy  between  the  communication  of  heat, 
and  its  mechanical  excitation. 

The  syllogistic  division  of  the  sunbeam  into  three 
orders  of  particles,  the  calorific,  colorific,  and  the 
chemical,  is  incompatible  with  the  beautiful  optical 
experiment  of  M.  Arago,  related  at  the  end  of  the 
next  chapter,  where  we  shall  see  that  by  doubling 
the  rays  of  light,  their  usual  chemical  effect  on 
muriate  of  silver  becomes  null.  Surely  our  chemi- 
cal compilers  who  introduced  that  verbal  distinc- 
tion, will  not  venture  to  maintain  that  chemical 
rays,  added  to  chemical  rays,  produce  unchemical 
rays ;  which  is,  however,  the  necessary  consequence 
of  their  hypothesis. 

That  heat  consists  in  such  vibrations,  seems  to 
be  demonstrated  by  a  fine  experiment  made  long 
ago,  by  Sir  H.  Davy ;  in  which  two  pieces  of  ice 
were  converted  into  water,  by  their  mutual  attri- 
tion, in  an  atmosphere  at  the  freezing  temperature. 
Now,  since  the  specific  heat  of  water  is  much  supe- 
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rior  to  that  of  ice,  no  such  cavil  can  be  offered  to 
that  experiment,  as  was  urged  (however  unjustly) 
against  Count  Bumford's  similar  deduction  from 
the  heat  evolved  in  the  boring  of  cannon.  Mont- 
golfier  furnished  a  fact  very  favourable  to  the 
undulatory  theory,  when  he  sliowed  that  a  piece  of 
ordnance,  whether  old  or  new,  becomes  much  more 
speedily  heated  by  discharges,  than  if  it  were  filled 
with  burning  coals,  for  ten  times  the  period  of  the 
explosions  of  the  gun-powder.  The  intense  and 
durable  ignition  of  a  platinum  wire,  placed  under 
the  electric  influence,  seems  explicable  also  only  on 
the  same  principles. 

In  Sir  H.  Davy's  experiment,  since  the  heat 
requisite  for  converting  ice  into  water,  could  not 
be  derived  from  the  surrounding  cold  medium,  nor 
from  the  body  itself,  whose  capacity  is ,  low,  there 
is  no  alternative,  but  to  conclude,  that  heat  must 
be  actually  generated  by  friction  ;  and  since  it  was 
in  that  case  generated  out  of  nothing,  it  cannot  be 
any  thing  material ;  nor  even  an  entity,  in^material 
or  semi-material,  if  such  language  may  be  used.  It 
must,  therefore,  be  a  quality  ;  and  this  quality  can 
only  be  motion  ;  a  deduction  quite  conformable  to 
the  sentiment  of  Newton.  We  may  hence  under- 
stand why  both  heat  and  light  come  to  possess 
analogies  with  sound.  Thus  a  magnetic  steel  bar 
»et  a  ringing  for  some  time,  will  be  deprived  of  its 
magnetism  as  perfectly  as  if  it  had  been  heated  red 
hot ;  and  a  charged  electrical  jar  may  be  discharged 
equally  by  heat  and  by  causing  it  to  sound  like  a 
musical  ghss. 
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The  great  physico-geometers  of  France,  MM.. 
Fresnel,  Poisson,  Arago,  and  Fourier,  now  contem- 
plate  light  and  heat  as  modifications  of  the  same 
power.  A  skilful  mathematical  analysis  has  satis- 
fied them,  that  the  equations  of  the  propagation  of 
heat  in  solid  bodies  may  be  conciliated,  with  the 
equations^ of  the  undulatory  movements  of  an  emin- 
ently elastic  fluid.  The  propagation  of  the  temper- 
ature of  the  molecules  of  a  body  cannot  indeed  be 
assimilated  to  a  fluid  current,  or  to  the  regular 
propagation  of  waves  in  an  elastic  medium.  These 
molecules  acquire,  on  the  contrary,  their  proper 
temperature,  that  is  to  say,  vibrations  which  con- 
tinue afler  the  passage  of  the  calorific  waves,  only 
in  virtue  of  the  portion  of  their  movement  which  is 
not  regularly  propagated. 

When  the  brute  quiescent  mass  is  pervaded  by  this 
vibratory  motion,  its  particles  necessarily  renounce 
their  contact,  and  being  at  liberty  to  move  through 
a  greater  or  less  space,  assume  such  forms  as  the 
equilibrium  of  the  attractive  and  calorific  power 
demands.  Fluidity,  or  absolute  incoherence  of  the 
particles,  is  not  indispensable  for  their  changing  the 
position  of  their  attractive  poles,  and  being  grouped 
in  new  arrangements.  Thus,  if  a  mass  of  basalt  be 
exposed  to  a  high  temperature,  it  will  melt  into  a 
liquid  glass,  which  quickly  cooled  remains  a  trans- 
parent and  uniform  vitreous  body.  Now  if  this 
body  be  heated  again  for  some  time,  but  so  moder- 
ately as  not  even  to  have  its  substance  softened,  it 
will  become  throughout  its  whole  interior  a  con- 
geries oi  regular  crystals. 


«M^ 


ORIGINAL  SOLIDITY  OF  THE  GLOBE.  7 

When  first  the  calorific  energy  was  made  to 
actuate  the  body  of  the  earth  a  mighty  change 
would  ensue.  The  central  mass  composed,  most 
probably,  of  the  metallic  bases  of  the  earths  and 
alkaUs,  as  volcanic  phenomena  seem  to  attest,  would 
fuse,  the  exterior  parts  would  oxidize  into  the  crust 
of  mineral  strata,  and  the  outermost  coat  of  all, 
the  fixed  ice,  would  melt  into  the  moveable  waters. 

The  infusion  of  this  quickening  energy,  seems 
distinctly  indicated  by  the  inspired  historian  of  the 
earth.  "  In  the  beginning,  God  created  the  heaven 
and  the  earth.  And  the  earth  was  without  form 
and  void ;  and  darkness  was  upon  the  face  of  the 
deep.  And  the  Spirit  of  God  moved  upon  the  face 
qf  the  waters.*^  This  last  idea,  has  been,  perhaps, 
more  truly  rendered  by  Milton,  in  the  expression, 
"dove-like  sate  brooding  on  the  vast  abyss,  and 
made  it  pregnant.**  In  this  sublime  conception, 
thus  finely  paraphrased,  may  we  not  recognise  the 
impregnation  of  the  torpid  sphere,  with  elementary 
fire,  that  principle  of  all  material  activity;  that 
power  which  loosens  the  bands  of  primordial  cohe- 
sion, and  communicates  the  essence  of  plastic 
mobility  to  a  refractory  solid  ?  But  for  this  mar- 
vellous  constitution,  as  displayed  especially  in  water, 
the  face  of  nature  would  have  for  ever  exhibited  a 
death-like  silence  and  a  dread  repose.  The  globe 
would  have  been  cased  in  an  unchanging  and  wave- 
less  ocean  crust. 

Many  theorists  have  supposed  the  pre-existence 
or  pre-creation  of  a  chaos,  of  which  the  actual  sun 
and  planetary  globes,  were  afterwatd?>  fot\x\ad^^>^K^\ 
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Mt  fmct  by  this  mandate  of  Dhrine  Wisdom,  «*  by 
spontaneous  develi^nnents  through  indefinite  ages. 
But  neither  reason  nor  revelation  warrants  such 
suppositions.  That  the  earth  was  constructed  with 
reference  to  the  accommodation  of  living  beings  at 
the  volition  of  Omnipotence,  will  not  be  denied  by 
any  rational  naturalist  It  is  difficult  to  imagine, 
therefore,  what  benefit,  even  theoretic  cosmogony 
can  derive  from  antedating  the  creation  of  a  chaotic 
mass,  any  period  of  years,  whether  thousands  or 
millions.  +-W^e  thereby  merely  approximate  Creative 
might  to  the  standard  of  human  imbecility.  Because 
the  chemist  must  wait  many  days,  perhaps  months, 
before  he  can  draw  forth  regular  crjstals  of  saline 
solids  from  his  heterogeneous  solutions,  must  the 
Deity  be  supposed  to  require  indefinite  ages,  for 
crystallizing  the  granitic  nucleus  of  the  earth,  and 
depositing  over  it,  the  shelving  layers  of  gneiss  and 
mica-slate?  Herein  the  cosmogonist  perfectly  resem- 
bles the  idolatrous  savage,  in  ascribing  to  Deity, 
capacities  and  dispositions  similar  to  those  of  his 
own  foolish  or  malignant  heart.  | 

The  Being  who  said  **  Let  there  be  light,  and 
there  was  light  ;**  could  also  say,  let  the  earth  be 
formed,  and  its  passive  matter  would  instantly 
arrange  itself,  conformably  to  its  destined  purposes. • 
The  crystalline  arrangement  proceeds  from  the 
exercise  of  peculiar  attractive  forces,  ordained  by 
supreme  wisdom  to  regulate  the  molecules  of 
matter.  Even  man,  by  galvanic  and  other  means, 
may  greatly  quicken  the  working  of  that  plastic 
force ;  and  why  should  its  instantaneous  effectuation 
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be  deemed  beyond,  or  unworthy  of,  Divine  Agency. 
Matter  derives  not  only  its  existence,  but  its  vari- 
ous properties,  from  God.  At  what  period  any 
district  of  the  universe  was  brought  into  being, 
and  what  form  was  then  assigned  to  it,  we  can 
learn  only  from  extrinsic  testimony.  The  primi- 
tive rocks  of  the  practical  Geologist  contain  within 
themselves  no  register  of  their  birth-day.  The  theo- 
rist may  indeed  speculate  on  the  order  of  priority 
in  primordial  rocks,  and  call  them  successive  forma- 
tions i  but  this  order  can  be  so  little  estabhshed  by 
inductive  evidence,  that  the  oldest  formation  of 
Werner,  his  primitive  granite,  may  be  the  newest, 
according  to  Mutton's  views. 

The  Theistical  Neptunists  would  have  us  believe 
that  our  globe  existed  in  a  chaotic  state,  since  the 
epoch  indefinitely  remote,  at  which  its  materials 
were  crudely  congregated  by  Divine  Agency. 
They  fiirther  say  that  the  same  creative  power 
endued  its  constituent  parts  with  peculiar  attmc- 
tive  and  repulsive  forces ;  and  then  they  desire 
us  to  believe,  that  tliese  forces  were  set  in  mutual 
conflict,  through  uncounted  ages,  for  the  purpose 
of  eventually  bringing  order  out  of  confusion,  and 
producing  the  crystalline  and  stratifmTn  arrange- 
ments, observed  in  the  crust  of  the  earth.  Now, 
what  is  gained  by  granting  these  hypothetical  pre- 
mises? Nothing  that  I  can  apprehend.  They' 
merely  serve  to  show  the  presumption  of  man,  who 
r^ards  the  primitive  structure  of  this  terraqueous 
globe,  a  labour  too  intricate  for  the  instantaneous 
fiat  of  Omnijjote/ice. 
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Again,  had  our  eai;th  pre-existed  from  eternity^ 
in  chaotic  confusion,  as  some  cosmogonists  have 
taught,  in  chaotic  confusion  it  must  have  etemjdly 
remained.  The  regular  order  and  subserviency  of 
its  parts,  are  irresistible  proofs  of  an  originating 
intelligence,  which  acting  with  unlimited  power, 
needed  not  to  wait  the  slow  progress  of  precipita- 
tion from  a  chaotic  fluid,  for  the  production  of  our, 
or  any  other  planetary  spheroid.  On  this  subject 
where  sound  reason  must  apply  the  principles  of 
corpuscular  science,  the  sentiments  of  Newton 
merit  the  deepest  attention.  "  It  seems  probable 
to  me  that  God  in  the  beginning  formed  matter  in 
solid,  massy,  hard,  impenetrable,  moveable  parti- 
cles, of  such  sizes  and  figures,  and  with  such  other 
properties,  and  in  such  proportions  to  space,  as 
most  conduced  to  the  end  for  which  he  formed 
them.  All  material  things  seem  to  have  been  com- 
posed of  the  hard  and  solid  particles  above  men- 
tioned,  variously  associated  in  the  Jirst  creation  by 
the  counsels  of  an  intelligent  agent.  For  it  became 
him  who  created  them,  to  set  them  in  order  ;  and 
if  he  did  so,  it  is  unphilosophical  to  seek  for  any 
other  origin  of  this  world,  or  to  pretend  that  it 
might  rise  out  of  a  chaos  by  the  mere  laws  of  Na- 
ture ;  though  being  once  formed,  it  may  continue 
by  those  laws  for  many  ages.*'*  By  Nature  Newton 
means  here,  the  series  of  laws  imposed  on  matter 
by  its  Author. 

Many  speculative  writers  have  considered  the 

*  Optics,  Book  III.,  towards  the  conclusion. 
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record  of  Moses  as  referring  merely  to  the  origin 
of  the  human  race,  without  at  all  defining  the  epoch 
at  which  either  the  earth  or  the  system  of  the  world 
was  made.  This  opinion  seems  quite  incompatible 
with  the  direct  and  obvious  meaning  of  his  narra- 
tive of  Creation.  The  demiurgic  week,  as  it  is 
called,  is  manifestly  composed  of  six  working  days 
like  our  own,  and  a  day  of  rest,  each  of  equal  length, 
and  therefore  containing  an  evening  and  a  morn- 
ing, measured  by  a  rotation  of  the  earth  round  its 
axis.  That  this  rotation  did  at  no  former  period, 
differ  materially  in  duration  from  the  present  length, 
has  been  shown  by  Laplace  in  his  Systeme  du  Monde. 
Hence  it  is  to  be  regretted  that  any  commentators 
of  Scripture,  misled  by  the  fancied  necessity  of 
certain  geological  schemes  of  stratiform  superposi- 
tion, should  have  vexed  themselves  and  their  read- 
ers, in  torturing  the  Hebrew  words  for  day,  and 
evening  and  morning,  into  many  mystical  render- 
ings.  That  Moses  attached  no  such  vague  meaning 
to  the  creative  days  in  Genesis,  is  evident  from  the 
language  of  the  fourth  commandment  in  Exodus. 
"  Six  days  shalt  thou  labour  and  do  all  thy  work, 
but  the  seventh  is  the  Sabbath  of  the  Lord  thy 
God  ;  in  it  thou  shalt  not  do  any  work  .  .  .  for 
in  six  days  the  Lord  made  Heaven  and  Earth,  the 
sea  and  all  that  in^them  is,  and  rested  the  seventh 
day  :  wherefore  the  Lord  blessed  the  Sabbath-day 
and  hallowed  it.**  Here,  as  every  where  else,  the 
Bible  is  its  best  interpreter,  and  will  always  enable 
any  man  of  common  sense  and  unbiassed  judgment^ 
to  arrive  at  a  satisfactory  conclusion,  >NYv\e  ^i)cve;  divv^^ 
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of  critical  refinement  is  stumbling  in  a  labyrinth  of 
Hebrew  roots. 

We  may,  moreover,  ask  why  we  should  claim  in 
behalf  of  our  globe,  a  more  ancient  origin  than  that 
assigned  by  the  inspired  chronologist  ?  Will  its 
rank,  dignity,  and  importance,  be -enhanced  by  a 
remote  genealogy  ?  Is ,  this  a  taint  of  the  pride  of 
ancestry,  common  to  the  whole  family  of  man  ?  But 
how  can  it  be  safely  gratified?  Even  lynx-eyed 
science  can  pierce  the  dark  veil  of  creation  no 
further  than  common  vision.  Her  telescopic  glasses, 
which  pierce  farthest  into  space,  have  no  time- 
penetrgting  power  whatsoever. 

That  Geometry  can  carry  the  eye  far  into  the 
future  and  tlie  past,  is  a  mere  verbal  fallacy.  It 
can  enable  us  to  calculate  the  relative  positions  of 
spherical  masses,  revolving  at  certain  rates  in  cer- 
tain orbits  for  a  series  of  ages ;  but  it  reveals  nothing 
about  the  condition  of  these  masses,  in  time  past  or 
future,  far  less  as  to  their  origin.  Had  we  been 
told  that  Deity,  in  the  beginning,  created  a  cliaos 
out  of  which  symmetry  was  to  be  educed  through 
a  long  series  of  material  transmutations,  then  philo- 
sophy might  have  proffered  her  conjectures  concern^ 
ing  the  order  of  evolution;  but  ancient  chaos  is 
merely  a  mythological  fiction,  disavowed  alike  by 
the  word  and  wisdom  of  God.  The  pristine  reign  of 
elemental  strife  and  confusion  under  that  "Anarch 
old'*  is  inconsistent  with  the  Government  of  Omni- 
potence. Chaos  is,  in  fact,  a  dogma  borrowed  by 
Pythagoras  from  the  Persian  Magi,,  representing  the 
eternal  war  that  was  waged  between  Ormuzd,  and 
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Ahriman  (Oromasdes,  and  Arimanius,)  the  un». 
created* principles  of  good  and  evil,  of  light  and 
darkness.  Had  these  two  contending  powers  been 
equal,  as  they  were  diametrically  opposite  in  every 
aim  and  effort,  then  reciprocal  counteraction  must 
have  resulted,  the  equilibrium  of  Death.  Thus 
nothing  could  be,  for  nothing  would  have  been 
suffered  to  exist.  It  is  marvellous  how  Doctors  of 
Divinity  dared  to  introduce  the  heathen  and  athe- 
istical absurdity  of  a  Chaos  into  their  commentaries 
on  the  Mosaic  record  of  Creation.  With  regard  to 
the  antiquity  of  our  earth,  nothing  can  be  known 
except  what  the  Eternal  Spirit  has  deigned  to  re^- 
veal.  Itaque  salutare  admodum  esty  si  mente  sobria, 
Jidei  tantum  dentur^  que  Jidei  sunt. — Bacon. 

The  date  of  its  creation,  according  to  the  Chro- 
nology of  the  Hebrew  Bible,  was  4004  yeara  before 
the  Birth  of  our  Saviour.  Astronomy  shows  that 
the  great  axis,  or  longest  diameter  of  the  elliptic 
orbit,  in  which  our  earth  revolves  round  the  Sun, 
as  placed  in  one  of  the  foci,  coincided  at  that  epoch 
with  the  line  of  the  equinoxes.  Hence,  then  at  the 
instant  of  the  autumnal  equinox,  the  sun  was  nearest 
the  earth,  or  in  perigee,  and  of  the  vernal  equinox, 
he  was  in  apogee ;  and  therefore  his  elliptic  orbit 
and  time  of  revolution  were  each  evenly  divided 
between  the  seasons.  From  spring  to  autumn,  a6 
many  days  and  hours  elapsed,  as  from  autumn  to 
spring,  for  either  hemisphere  of  our  globe.  Ever 
since  that  date,  the  summer  division  of  the  year  has 
been  growing  longer,  and  the  winter  division  shorter^ 
for  all  latitudes  north  of  the  equator  •,  \X\e  d^S«^w^^ 
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of  length  amounting  in  the  present  century  to  more 
than  seven  days.  From  the  equinox  of  spring,  to 
the  solstice  of  summer,  92  days,  21  hours  and  a  half, 
intervene  ;  from  the  summer  solstice  to  the  equi- 
nox of  autumn,  93  days,  13  hours  and  a  half;  from 
this  equinox,  to  the  solstice  of  winter,  89  days,  l6 
hours  and  three  quarters ;  and  from  this  instant,  to 
the  vernal  equinox,  89  days,  1  hour  and  40  minutes. 
The  summer  section  of  the  orbit  contains,  therefore, 
186  days,  and  11  hours,  while  the  winter  section 
contains  only  178  days  and  18  hours,  the  difference  ^ 
being  no  less  than  7  days  and  17  hours, — a  differ- 
ence to  which,  in  some  measure,  the  superior  tem- 
perature of  the  northern  terrestrial  hemisphere  may 
be  ascribed. 

Such  was  the  position  in  which  the  earth  was 
launched  into  space,  such  the  attitude  in  which  it 
commenced  its  circling  career.  I  have  no  doubt, 
that  by  many  it  will  be  deemed  the  conception  of  a 
narrow  mind,  to  limit  the  origin  of  our  earth  to  so 
modem  an  epoch.  But  if  it  was  formed  for  the  dwel- 
ling place  of  Man,  what  use  is  there  for  imagining 
a  more  distant  beginning  ?  Why  build  a  mansion 
in  the  wilderness  of  space,  long  ere  tenants  are  pre- 
pared to  occupy  it?  Nor  are  we  warranted  in 
ascribfng  an  earlier  date  to  the  celestial  orbs ;  for 
the  heavens  and  the  earth  were  the  offspring  of  one 
creative  mandate.  And  what  advantage  do  Philo- 
sophers hope  to  gain,  by  going  back  a  million  of 
ages  ?  Even  then  they  are  at  an  era  equally  recent, 
compared  with  Him  who  is  from  everlasting  to  ever- 
lasting, for  with  the  eternity  of  his  being,  all  revolv- 
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ing  time  is  incommensurable.  Though  the  exist- 
ence of  spiritual  intelligences  prior  to  the  forma- 
tion of  Man,  seems  to  be  suggested  in  Scripture, 
yet  of  material  pre-existence,  no  indication  is  given. 
It  appears,  therefore,  that  neither  Reason  nor  Reve- 
lation will  justify  us  in  extending  the  origin  of  the 
jnaterial  system,  beyond  6000  years  from  our  own 
days.  The  world  then  received  its  substance,  form, 
and  motions,  from  the  volition  of  the  Omnipo- 
tent 

Assuredly,  no  rational  creature  can  carry  its 
thoughts,  without  a  profound  sentiment  of  dismay 
and  self-annihilation,  into  that  infinity  of  time  and 
space,  which  was  occupied  by  Deity  alone.  Can 
Philosophy  tranquillize  the  soul,  in  doubt,  whether 
this  appalling  soHtude  shall  not  return  ?  No  indeed. 
But  the  Faith  of  Jesvs  Christ,  founded  on  his 
Resurrection,  gives  his  followers  the  assurance,  that  • 
the  future  infinity  will  be  of  a  different  character 
from  the  past ;  for  in  it,  the  self-existing  Jehovah, 
will  live  in  fellowship  with  the  spirits  of  just  men 
made  perfect 

That  divine  Revelation  was  not  imparted  to  Man, 
for  the  purpose  of  instructing  him  in  the  recondite 
principles  of  Physics,  is  a  proposition  fully  laid  down 
in  the  Introduction.  Yet  there  may  be  certain  pri- 
mary facts,  beyond  the  horizon  of  science,  shadowed 
out  by  prophecy,  as  limits  to  speculative  temerity, 
and  resting  points  to  the  pious  spirit  Without 
sucji  supplemental  illumination,  Man  can  know 
nothing  of  the  cause,  and  manner,  of  himself,  and 
his  compai^ion  be'iDgs,  coming  into  ex\alewce.  \^^ 
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rant  of  these  transcendent  truths,  the  ancient  Phi« 
losophers  plunged  themselves  and  their  scholars 
into  an  ocean  of  doubt,  and  error.  Notwithstand- 
ing the  many  beacons  of  their  shipwrecks  which 
shine  in  history,  modem  philosophers  still  disdain 
to  consult  the  unerring  oracles  of  God,  on  questions 
to  which  they  alone  can  give  a  true  response.  In 
such  matters.  Science  can  hold  no  haughty  preten* 
sions,  but  must  sit  down  a  humble  disciple,  to  learn 
the  rudiments  of  all  knowledge.  Once  imbued  with 
these  fundamental  axioms,  she  may  then  safely 
advance  in  the  kindred  paths  of  observation  and 
experiment ;  of  calculation  and  induction.  So  far 
do  the  Sacred  Scriptures  bear  on  Physical  research  ; 
and  no  farther.  The  Philosopher  is  thenceforward 
left  to  exercise  his  judgment  on  every  object  or 
event,  level  to  his  rational  faculties.  The  paths  of 
Religion  and  Science  are  subsequently  distinct, 
though  never  opposite,  each  conducive,  when 
rightly  pursued,  to  the  dignity  and  happiness  of 
human  nature.  It  is  equally  to  be  regretted,  that 
this  separation  of  the  subjects  has  not  been  more 
carefully  observed  by  the  expositors  of  Revelation  ; 
and  that  the  parallelism  of  aim  in  the  study  of 
Nature  and  its  Author,  has  been  too  often  disre- 
garded by  the  Philosopher. 

CHAP.  IL— OF  LIGHT. 

Since  the  fluid  condition  of  bodies  is  known  to 
proceed  from  the  vibratory  actions  of  heat,  coun- 
teracting more  or  less  the  cohesion  of  the  attractive 
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poles  of  the  particles  of  matter,  we  haVe  humbly 
proposed  to  recognise,  in  the  expression,  "  the  Spirit 
of  God  moved  upon  the  faee  of  the  waters,"  the 
commencement  of  the  quickening  energy,  from 
which  our  globe  derives  all  its  mobile  and  vital  capa- 
cities. Between  heat  and  light,  so  intimate  a  rela- 
tionship subsists,  that  they  must  be  conceived  as 
two  naoditicatioDs  of  the  same  fundamental  agency. 
Thus,  if  any  substance,  even  a  stone,  water,  or  air, 
be  heated  to  a  sufficient  degree,  it  becomes  lumi- 
nous. 

The  light  evolved  so  copiously  from  the  bodies  of 
dead  iish,  is  extinguished  at  a  freezing  temperature ; 
but  shines  forth  again  whenever  they  are  thawed. 

And  on  the  other  hand,  the  solar  light  is  always 
accompanied  with  a  calorific  influence.  This  rela- 
tionship appears  in  the  narrative  of  Creation,  for 
consentaneously  with  the  movement  of  the  Spirit 
upon  the  face  of  the  waters,  God  said,  Let  there 
be  Light,  and  there  was  Light. 

The  phenomena  of  light  have  generally  been 
ascribed  to  the  impulsion  of  certain  material  parti- 
cles, supposed  to  be  emitted  in  rapid  succession,  by 
luminous  bodies  constituting  a  nearly  ctmtinuous 
chain,  called  a  ray  of  light.  So  seriously  has  the 
reality  of  this  notion  been  entertained,  that  some 
theorists  have  undertaken'  to  determine  the  size,  dis- 
tance, velocity,  and  momentum  of  these  particles, 
if  not  with  absolute  precision,  at  least  within  cer- 
tain limits  of  the  truth.  Priestley  relates  some  expe- 
riments of  Mr.  Mitchell's,  made  by  thtowTO^  VVr, 
focus  of  a  concave  mirror  on  the  extre«\\ty  oS  a.\w^ 
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delicate  balance-beam  nicely  suspended,  by  which 
means,  a  slight  motion  being  given  to  the  beam,  it  was 
inferred  that  the  light  thus  collected,  had  a  sensible 
momentum.  From  the  weight  of  the  beam,  and 
from  the  motion  which  was  communicated  to  it  by 
the  impulse  of  light,  also  from  the  well  known  velo- 
city of  light,  it  was  calculated,  that  the  matter  con- 
tained in  the  light  which  was  thrown  upon  the  end 
of  the  above-mentioned  beam,  during  one  second  of 
time,  and  which  was  collected  from  a  reflecting  sur- 
face, of  about  4  square  feet,  amounted  to  no  more 
than  one  ISOO  millionth  part  of  a  grain.  But  an 
uninterrupted  sensation  of  vision,  may  be  produced 
by  a  discontinuous  series  of  impressions  of  the  lumi- 
nous particles;  as  a  light  rapidly  moved  across  a  hole 
in  a  dark  screen,  makes  the  hole  appear  constantly 
luminous.  Therefore  it  was  further  computed,  that 
a  particle  of  light  projected  every  tenth  of  a  second 
from  each  point  of  a  luminous  surface,  was  sufficient 
for  uninterrupted  vision.  But  in  one  tenth  of  a 
second,  light  moves  through  twenty  thousand  miles ; 
hence  this  may  be  the  interval  between  the  successive 
links  in  the  luminous  ray,  permitting  other  particles 
to  cross  without  chance  of  mutual  obstruction. 
Another  step  led  the  same  theorists  to  measure  the 
waste  of  luminous  matter,  which  the  sun  would  expe- 
rience in  a  day,  a  quantity  which  they  found  to 
amount  to  2  grains  ;  constituting  only  67O  pounds, 
avoirdupois,  in  6OOO  years. 

It  is  difficult  to  say,  whether  the  above  experi- 
ments or  deductions  are  most  absurd.  A  delicate 
balance,  that  for  example  made  by  Ramsden,  for  the 


EXPERIMENTS  ON  THE  RADIATION  OF  LIGHT.     19 

Royal  Society,  is  so  easily  disturbed  by  heat,  that  the 
one  arm  will  elongate  and  cause  its  scale  to  descend, 
when  it  receives  the  radiation  of  heat  from  the  body 
of  an  experimenter,  more  directly  than  the  other 
arm.  Hence,  by  his  moving  a  little  to  the  right  or  to 
the  left,  mfront  of  the  beam,  its  truth  will  be  impaired. 
Therefore,  the  heating  influence  of  the  sunbeam, 
on  the  air  and  the  balance,  in  the  experiments  recor- 
ded in  Priestley's  History  of  Light,  Period  vi.  Sec- 
tion 1.  Chap.  iii.  was  the  proper  and  adequate  cause 
of  the  elongation  of  the  beam,  and  of  the  apparent 
weight  of  the  luminous  particles.  In  fact,  of  two 
closely  corked  globes  of  water  accurately  poised  at 
the  same  temperature,  in  a  delicate  balance,  if  one 
be  heated  and  replaced  in'  the  scale,  it  will  prepon- 
derate by  the  elongation  of  its  end  of  the  beam. 
Neither  these  experiments,  nor  any  other  that  I  have 
seen  described,  justify  us  in  concluding  light  to  be 
an  emission  of  material  particles,  however  small. 
On  the  contrary.  Dr.  Thomas  Young,  Secretary  of 
the  Board  of  Longitude,  has  shown,  by  new  expe- 
riments and  researches,  no  less  ingenious  than  pre- 
cise, that  light  does  not  consist  in  the  emanation  of 
particles,  but  in  the  undulatory  movements  of  a 
luminiferous  ether,  which  pervades  the  Universe, 
rare  and  elastic  in  a  high  degree.  He  further  shows, 
that  this  theory  of  the  nature  of  light,  long  agO 
embraced  by  Huyghens,  was  at  one  time  contem- 
plated by  Newton,  with  no  unfavourable  eye.  "  Were 
I/*  says  Newton,  "  to  assume  an  hypothesis,  it  should 
be  this,  if  propounded  more  generally,  so  as  not  to 
determine  what  light  is,  further  than  iVvat  \1\^^ot«v^- 
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thini^t  or  other  capable  of  exciting  vibrations  in  the 
other ;  for  thus  it  will  become  so  general,  and  com- 
prehensive of  other  hypotheses,  as  to  lea^^e  little 
room  for  new  ones  to  be  invented.  (Birch,  iii. 
«*9,  Dec.  1675.) 

When  two  undulations,  from  different  origins, 
coincide  either  pertectly  or  very  nearly  in  direction, 
their  ,ioint  effect  is  a  combination  of  the  motions 
belonging  to  eadi.  \^lien  they  differ  in  frequency, 
they  produce  different  colours,  as  the  different  fire* 
quency  of  aerial  undulations,  produces  different 
musical  tones;.  When  two  series  of  equal  frequem^ 
coincide  exactly  in  }x>int  of  time,  it  is  ob\ious  that 
the  imitod  velocity  of  the  particular  motions  must 
be  grratcst ;  and  alsow  that  it  must  be  smallest,  and 
if  the  undulations  be  of  equal  strength,  toialbf 
destroyed,  when  the  time  of  the  greatest  or  tbrward 
morion,  belonirin^  to  one  undulation,  coincides  with 
that  of  the  civjatcst  retroirrade  motion  ci  the  other. 
In  intermediate  states^  the  joint  undularion  will  be 
of  intermediate  strenirth.  It  is  well  known,  that  a 
jsimilar  cause  produces,  in  sound,  that  effect  whidi 
is  callcii  a  heat  in  music ;  two  series  of  aerial  imdu- 
larions  of  no^^rly  equal  magnitude^  alternately  co- 
noeratirur.  and  destroxiric  each  other,  acoordinc  as 
the}'  coincide  more  or  less  perfectly  in  the  times  of 
performing  their  Tospectix'c  miorions.* 

In  a  paper  rcJkl  betore  the  Royal  Society-.  July 
1h  18(>i  l>r.  Young  laid  domn  the toiiom-ing  optical 
la«  ;  **  tlwu  inherc\x>r  two  ]>ortiom  ci  the  same  Hght 
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arrive  at  the  eye  by  different  routes,  either  exactly 
or  very  nearly  in  the  same  direction,  the  light 
becomes  most  intense,  when  the  difference  of  the' 
routes  is  any  multiple  of  a  certain  length,  and  least 
intense  in  the  intermediate  state  of  the  interfering 
portions  :  and  this  length  is  different  for  light  of  dif- 
ferent colours."  This  important  law,  the  basis  of  a 
new.  and  admirable  theory  of  hght,  has  been  since 
fully  adopted  by  M.  Fresne),  and  M.  Arago,  who 
have  enforced  and  illustrated  it  by  many  fine  re- 
searches. It  demonstrates  incontestibly  the  separate 
existence  of  a  luminiferous  ether,  which  may  be 
made  to  undulate,  not  only  by  the  sun  and  other 
pennanent  foci  of  vibration  ;  but  by  a  vast  number 
of  other  causes,  such  as  the  friction  or  gentle  heat- 
ing of  many  mineral  soUds,  and  by  several  chemical 
actions,  independent  of  combustion.  Hence  we  see 
that  thisether.being  indispensable  to  the  operation  of 
every  luciferous  impulse,  being  in  fact  the  substratum 
or  subject  matter  of  light,  as  air  is  of  sound  in  gene- 
ral, must  necessarily  have  had  a  precedent  and  inde- 
pendent existence,  as  Moses  has  declared  in  his  nar- 
rative of  creation.  That  luciferous  impressions  may 
be  produced  without  any  intercourse  with  the  sun, 
ifl  established  by  many  facts.  The  phosphorescence 
of  minerals  buried  since  the  origin  of  things  in  the 
bowels  of  the  earth ;  the  electric  light  caused  by 
friction,  metallic  contact,  or  the  volition  of  the  elec- 
tric eel ;  the  luminousness  of  many  insects,  worms, 
end  marine  mollusca  in  the  living  state,  and  of  the 
fibres  of  animals  and  vegetables,  after  death  \  the 
\ucidp<aDtsof  thetnoon's  disc,  where  ttve  sustoeMos 
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do  not  fall,  all  attest  that  light  may  exist  without 
solar  excitation.  The  luciferous  action  of  dead  fish 
may  be  transferred  to  water,  may  be  brightened  by 
adding  a  certain  quantity  of  saline  matter, to  the 
solution,  darkened  by  a  greater  quantity,  relumed 
by  moderate  dilution,  and  finally  destroyed  by  heat 
or  excess  of  water.  It  is  very  curious  to  see  the 
luminous  water,  gradually  becoming  dim  with  the 
addition  of  salt,  till  the  light  finally  disappears  ;  and 
instantly  bursting  forth  again  from  absolute  dark- 
ness, by  a  certain  dilution  with  water.  Thus  we  may 
fill  a  wine  glass  with  light.  In  all  these  cases,  the 
luminous  phenomena  result  from  the  vibratory 
impression  communicated  with  greater  or  less  force 
to  the  ethereous  medium.  These  vibrations  may  be 
multiplied  or  diminished,  by  various  causes,  appa- 
rently very  slight,  and  very  enigmatical.  In  our 
further  inquiries  into  the  nature  of  light,  we  shall 
find  that,  if  the  length  of  a  luminous  undulation  be 
less  than  one  sixty  thousandth  of  an  inch,  it  becomes 
incapable  of  exciting  the  sensibility  of  oui*  visual 
organs ;  but  chemical  experiments  prove,  that  much 
shorter  and  more  rapid  undulations  of  the  luminifer- 
ous  ether  exist  beyond  the  luminous  verge  of  the 
spectrum,  which  are  still  essentially  light,  though 
imperceptible  to  our  visual  orb.  How  unphilosophical 
therefore  to  infer,  the  absolute  want  or  non-existence 
of  light,  whenever  our  purblind  optics  cannot  discern 
it  ?  And  since  we  know  that  the  luciferous  ether  may 
be  thrown  into  visible  luminous  undulation,  without 
^the  sun  or  stars,  and  into  invisible  luminous  undu- 
lation by  the  sun  and  stars,  what  reason  have  we  to 
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conclude  that  similar  undulations  do  not  agitate  it, 
at  all  times  independently  of  these  focal  excitants  ? 
Its  elastic  mobility  indeed  is  such,  that  from  the 
instant  of  its  creation,  or  first  disengagement  from 
the  primeval  substance  of  the  heavens  and  earth, 
its  vibrations  must  have  commenced,  and  have  con- 
tinued with  more  or  less  frequency  and  intensity  to 
the  present  hour. 

Had  Moses  written  the  record  of  Creation,  from 
the  informations  of  sense,  or  Egyptian  learning,  he 
would  not  have  placed  the  Creation  of  Light,  three 
days  prior  to  the  Creation  of  the  Sun,  Moon,  and 
Stars.  Accordingly,  this  apparent  inversion  of  the 
order  of  natural  causes  and  eftects,'this  supposed 
anticipation  of  a  phenomenon  before  the  existence 
of  its  agent,  has  become  a  stumbling-block  to  many 
evil  disposed  minds,  and  a  stone  of  offence  to  the 
impious,  instead  of  being  regarded  as  a  motive  to  ' 
deeper  study  into  Nature,  and  of  humbler  faith  in 
its  Author.  ^  When,  however,  in  the  progress  of 
research,  we  come  to  discover  that  Moses  has 
described  events  in  tlieir  just  order  of  sequence,  an 
order,  which  reason  could  never  suggest  to  him,  and 
which  has  lain  concealed  till  our  own  days,  even 
from  the  philosopher,  we  are  then  forced  to  conclude, 
that  he  was  inspired  with  a  knowledge  truly  divine. 

"  Philosophy,"  says  Frederick  Schleg^l,  '*  when 
studied  superficially,  leads  to  unbehef  and  atheism, 
but  when  properly  understood,  is  sure  to  produce 
veneration  for  God,  and  to  render  faith  in  liim  the 
ruling  principle  of  our  life." — Lectures^  11.  l68.  ^ 

I  shall  now  proceed  to  give  a  btiei  delavV  o^  >icv^ 
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experiments  and  observations  subservient  to  the 
undulatory  theory  of  light,  a  subject  no  less  inter- 
esting on  its  account,  than  in  reference  to  the 
primeval  world. 

Make  a  small  hole  in  a  window-shutter,  and  cover 
it  with  a  bit  of  tin  foil,  having  two  parallel  slits  cut 
in  it  with  a  penknife,  about  one  two  hundredth  of 
an  inch  asunder.  When  the  room  is  darkened,  the 
sunbeam  in  passing  through  these  sUts,  will  form  an 
image,  which  received  on  a  card,  is  seen  to  consist 
of  a  series  of  dark  and  brilliant  Unes,  with  coloured 
fringes.  On  closing  one  of  the  slits,  the  interior 
fringes  disappear,  although  the  light  diffused  in  the 
shadow  of  the  intermediate  part  of  the  other  slit, 
be  still  perceptible.  This  experiment,  due  to  Dr. 
Young,  proves  distinctly  the  mutual  influence,  or 
interference  of  the  rays  of  light ;  but  the  following 
modification  of  it  by  M.  Fresnel,  affords  a  more 
striking  result. 

Introduce  the  sunbeam  into  a  dark  room,  through 
a  pin  hole  made  in  a  bit  of  tin  foil,  or  through  a 
very  small  lens  fixed  in  the  window  shutter.  Receive 
this  beam  on  a  mirror  consisting  of  two  little  pieces 
of  plate  glass,  having  their  edges  exactly  in  one  line, 
in  perfect  contact,  and  very  slightly  inclined  to  each 
other.  The  deviation  of  the  two  from  the  same 
plane,  shpuld  be  as  small  as  may  be  requisite  to 
produce  at  once  two  images  of  the  luminous  point. 
They  may  be  adjusted  to  the  position,  by  pressing 
them  down  on  a  board,  covered  with  sofl  wax,  after 
their  posterior  surfaces  have  been  blackened  with 
China  ink.     The  fringes  formed  after  reflection, 
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present  a  series   of  brilliaDt   and  obscure  bands, 
parallel,  and  equi-distant,  which  may  be  received 
either  on  a  card,  or  viewed  directly  through  a  mag- 
nifying lens.     The  direction  of  these  bands  is  always 
perpendicular  to  the  straight  line,  which  joins  the 
two  images  of  the  luminous  point,  whatever  be  the 
direction  of  this  Une  relatively  to   the   touching 
edges  of  the  mirrors ;  which  proves  that  they  do 
not  proceed  from  any  influence  exercised  by  these 
edges  on  the  luminous  rays  which  pass  in  their  vici- 
nity.    Besides,  by   increasing  the  angle   of  incli- 
nation of  the  mirrors,  the  two  images  of  the  lumi- 
nous point  may  be  separated  to  such  a  distance,  that 
the  rays  which  go  to  the  formation  of  the  fringes, 
shall  be  reflected  so  far  from  the  touching  edges, 
.  that  we  cannot  reasonably   suppose   any   sensible 
action  to  proceed  from  them. 

The  central  band  is  brilliant,  as  in  the  fringes 
which  divide  the  shadow  of  a  narrow  body  placed 
in  the  sunbeam,  or  those  obtained  from  the  screen 
pierced  with  two  narrow  slits.  That  brilliant  band 
is  placed  between  two  dark  bands  of  the  deepest 
black,  provided  a  light  sensibly  homogeneous  be 
employed,  such  as  the  red  light  received  through 
certain  red-stained  glass.  Each  of  these  obscure 
bands  is  followed  by  a  brilliant  band,  to  which  again 
succeeds  an  obscure  band,  and  so  in  succession. 

It  is  sufficient  to  compare  the  dark  bands  of  the 
first,  second,  and  third  orders,  caused  by  the  joint 
reflection  from  the  two  mirrors,  with  the  light 
reflected  from  a  single  mirror,  in  order  to  be  con- 
vinced that  the  former  are  much  \es^  etv\\^\fexv^^* 
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Hence,  in  the  spaces  which  they  occupy,  it  is  plain 
that  the  addition  of  the  rays  of  one  mirror  to  those 
of  another,  instead  of  forming  a  more  intense  light, 
has  produced  darkness.  It  is  easy  to  make  this 
comparison,  by  contemplating  successively  the  black 
bands,  and  the  portions  of  the  illuminated  field, 
situated  to  the  right  and  left  of  the  portion  doubly 
illuminated,  where  the  fringes  exist.  It  is  thus  per- 
fectly  proved,  that  in  certain  cases,  light  added  lo 
lightj  produces  darkness.  The  preceding  form  of 
experiment  removes  all  idea  of  a  diffractive  action, 
dilating  the  luminous  beams  in  certain  points,  to 
condense  them  in  others;  since  the  phenomenon 
is  here  produced  by  rays  regularly  reflected. 

It  is  obvious  that  the  fringes  result  from  the 
mutual  action  of  the  rays  which  meet  each  other  ; 
for  if,  with  a  screen,  placed  near  one  of  the  mirrors, 
we  intercept  all  its  rays,  either  before  or  after  their 
reflection,  these  fringes  disappear  entirely,  although 
the  space  which  they  occupied  continues  to  be 
enlightened  by  the  other  mirror ;  and  we  no  longer 
perceive  any  thing,  except  the  pale  and  unequally  dis- 
tributed fringes  which  edge  the  shadow  of  the  screen. 

If  we  cover  with  the  screen  only  one  half  of  the 
mirror,  so  as  to  cause  the  disappearance  of  the 
fringes  only  over  the»half  of  their  length,  we  can  con- 
veniently  compare  the  remaining  portion  of  the  black- 
est of  the  dark  bands,  with  the  adjoining  space,  from 
which  the  light  of  one  of  the  mirrors  is  intercepted 
by  the  screen,  and  thus  satisfy  ourselves  that  it  is 
much  more  illuminated  than  the  middle  part  of  each 
of  them,  where,  howfever,  the  whole  rays  reflected 
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by  the  two  mirrors,  come.  Hence,  these  rays  are 
neutralized  in  that  place,  by  virtue  of  a  certain 
action  which  they  exercise  on  each  other. 

If  we  calculate  the  relative  distances,  from  the 
hole  in  the  screen,  to  the  different  bands,  or  the  dif- 
ferences of  the  routes  percurred  by  the  rays  which 
go  to  the  production  of  each  of  the  obscilre  and 
brilliant  bands,  we  find,  in  the  first  place,  that  the 
middle  of  the  brilliant  band,  which  occupies  the 
centre,  corresponds  to  equal  lengths  of  route. 
Calling  rf,  the  difference  of  the  paths  percurred  by 
the  rays  which  unite  in  the  middle  of  the  next  bril- 
liant band,  either  on  the  right  hand  or  the  left,  then 
the  middles  of  the  other  brilliant  bands  correspond 
to  differences  of  routes,  equal  to  2  rf,  3  rf,  4  rf,  5  rf, 
6  dy  &c.  whilst  the  middles  of  the  obscure  bands, 
from  the  most  remote  to  those  which  accompany 
the  centi'al  brilliant  band,  correspond  successively 
to  differences  of  paths  percurred,  equal  to  i  rf, 
i  d,i  d,  i  dj  &c.  The  distances  between  these 
bands  may  be  measured  exactly  by  a  micrometer 
microscope,  such  as  is  employed  for  reading  off,  and 
subdividing  the  graduated  limb  of  an  astronomical 
quadrant  or  circle. 

It  therefore  results  from  these  data  that  the 
union  of  rays  from  the  two  mirrors,  produces  the 
maximum  of  light,  only  when  the  differences  of 
the  paths  that  they  have  percurred  is  equal  to  0  rf, 
2dy  3  dj  4fdf  5  dy  &c.  ;  and  on  the  contrary,  they 
are  mutually  neutralized  so  as  to  cause  darknesSy 
when  that  difference  is  equal  to  ^  dy  I  dy  i  dy 
i  d,   ^  d,  V  dy   Sec.     Such  i^  l\ve   ^ew^tA  \aw 
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of  the  periodical  influences  which  the  luminous  rays 
exercise  on  each  other.* 

When  the  two  luminous  beams  have  the  same 
intensity,  as  in  the  experiment  just  described,  the 

•  When  two  tonorout  undulations  of  air,  or  aerial  waves  of  sound, 
differ  but  little  in  frequency,  they  tend  alternately  to  destroy,  and  to 
augment  each  other's  force,  in  a  double  or  even  quadruple  degree,  so  that 
the  sound  gradually  increases  and  diminishes  at  equal  intervals,  in  con- 
tinued succession.  This  intension  and  remission  constitutes  a  beat.  It 
afibrds  a  very  accurate  mode  of  determining  the  proportional  frequency 
of  the  vibrations,  when  the  absolute  number  of  one  of  them  in  a  second  . 
is  given ;  or  the  absolute  number  of  both,  when  the  proportion  between 
the  two  is  known ;  because  the  beats  are  usually  slow  enough  to  be 
counted,  though  the  vibrations  themselves,  separately,  can  never  be  dis- 
tinguished. Thus  if  one  sound  consisted  of  100  vibrations  in  a  second, 
and  produced  with  another  acuter  sound,  a  single  beat  in  every  second, 
it  is  obvious  that  the  second  sound  must  consist  of  101  vibrations  in  a 
second.  Two  portions  of  a  similar  chord  equally  stretched,  or  two 
simple  pipes,  of  which  the  lengths  are  respectively  15,  and  16,  will  pro- 
duce a  beat  in  15  vibrations  of  the  longer  one;  and  if  ye  count  the 
number  of  beats  in  15  seconds,  we  shall  know  the  number  of  vibrations 
in  one.  The  easiest  way  in  practice,  of  procuring  two  such  strings  or 
pipes,  is  to  tune  them  by  a  third  one,  so  that  they  may  be  respectively 
4-5ths  and  3-4ths  of  its  length ;  the  vibrations  of  the  third  pipe  in  a 
second  of  time,  will  also  be  equal  to  the  number  of  beats  of  the  first 
two  in  12  seconds,  (a) 
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The  uppermost  and  lowermost  curves  represent  a  series  of  vibrations, 
of  which  12  occupy  any  given  period  of  time,  the  third  and  sixth  lines, 
are  two  series  of  which  15  and  16  occupy  respectively  the  same  time: 
the  joint  effect  of  each  pair  is  shown  by  the  dotted  curves  which  are 
interposed  between  them,  the  middle  one  representing  the  effect  deno- 
minated a  beat  in  musical  sound,  analogous  to  the  dark  band  in  light. 

{aj  Young's  Lccturcn,  Vol.  1.  p.  JSH). 
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middle  of  the  obscure  bands  presents  a  total  absence 
of  light ;  at  least  if  the  light  be  sufficiently  homo- 
geneous or  simple ;  but  as  tliis  is  seldom  perfectly 
the  case,  it  happens  that  this  inequality  of  lustre 
between  the  brilliant  and  dark  bands,  which  is  so 
prominent  in  the  first  fringes,  diminishes  gradually 
-as  we  recede  from  the  centre,  and  at  a  certain 
distance  from  it  becomes  insensible.  The  reason 
of  this  is  very  obvious,  for  the  light  employed, 
however  simplified  it  may  be,  either  by  previous 
decomposition  with  a  prism,  or  by  transmission 
through  a  coloured  glass,  is  still  composed,  to  a 
certain  degree,  of  heterogeneous  rays,  whose  colour 
and  other  physical  properties  are  very  little  differ- 
ent, but  in  which,  however,  the  interval  d  has  not 
exactly  the  same  value  or  length.  Hence  it  results 
thatthe  brilliant  and  obscure  bands,  of  which  rf  deter- 
mines the  position,  are  not  separated  by  the  same 
intervals.  In  fact,  the  breadths  of  the  fringes  pro- 
duced by  the  heterogeneous  rays  differ  so  much  the 
less,  as  the  light  employed  approaches  more  nearly 
to  perfect  homogeneity ;  but  however  small  this 
difference  is,  we  may  conceive  that  being  repeated 
a  great  number  of  times,  it  will  eventually  produce 
in  the  position  of  the  fringes  such  a  difference,  that 
the  brilliant  bands  of  one  species  of  rays  will  coin- 
cide with  the  dark  bands  of  another,  so  that,  at  a 
sufficient  distance  from  the  central  line,  (which 
corresponds  to  equal  paths,)  the  dark  and  brilliant 
bands  of  the  different  kinds  of  rays  of  light 
employed,  will  mutually  efface  each  other  by  their 
mixture,  and  present  an  uniform  tiivt* 
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The  more  simplified  the  light  has  previously  been, 
thd  more  remote  fr6m  the  centre  is  tlie  point  where 
this  perfect  compensation  takes  place,  and  of  conse- 
quence, the  more  numerous  are  the  fringes.  When 
we  employ  white  light,  which  is  the  most  compound, 
the  number  of  visible  fringes  is  also  the  smallest 
possible,  so  that  scarcely  more  than  seven  of  them, 
can  be  distinguished  on  each  side  of  the  centre. 

They  exhibit  the  tints  of  coloured  rings,  the 
reason  of  which  colours  is  absolutely  the  same.  If 
the  length  d  were  the  same  for  the  rays  of  the  dif- 
ferent colours,  then  the  breadth  of  their  fringes, 
(that  is  the  interval  between  the  middles  of  two  con- 
secutive brilliant  or  obscure  bands,)  being  also  the 
same,  there  would  be  a  perfect  coincidence  both  of 
their  darkest  and  their  brightest  points ;  and  the 
different  rays  which  compose  white  light  being  pre- 
sent every  where  in  like  proportions,  would  produce 
a  series  of  black  and  white  bands,  containing  no 
trace  of  coloration.  But  this  is  by  no  means  the 
case.  Since  the  breadth  d  varies  greatly  for  tlie  dif- 
ferently coloured  rays,  indeed  almost  in  the  propor- 
tion of  one  to  two,  from  one  extremity  of  the  solar 
spectrum  to  the  other,  the  breadth  of  their  fringes 
varies  in  the  same  ratio,  so  that  their  obscure  and 
brilliant  bands  can  no  longer  fall  on  each  other,  but 
differ  in  position  according  to  their  distance  from 
the  middle  line.  Hence  it  must  happen  that  the 
brilliant  band  of  rays*  belonging  to  a  certain  colour, 
will  correspond  to  the  obscure  band  of  rays  of 
another  colour,  whence  proceeds  the  predominance 
of  the  first,  and  the  exclusion  of  tlie  second.     Thus 


CAUSE  OF  THE  PHENOMENA.  31 

the  fringes  will  present  a  succession  of  tints,  vary- 
ing in  the  ratio  of  the  unequal  proportions,  in  which 
are  intermixed  the  different  rays  that  compose 
white  light.  • 

The  middle  line  of  the  central  band  is  always 
white,  because  as  it  corresponds  to  a  difference  of 
paths  equal  to  zero  (o),  it  is  at  the  maximum  of 
brightness  for  every  species  of  rdysj  whatever  be 
the  length  of  d.  On  each  side  of  this  white  band, 
the  light  becomes  gradually  coloured.  The  colours 
are  very  vivid  at  the  second  fringe,  as  well  as  up  to 
the  third  and  fourth,  but  afterwards  they  become 
feeble,  disappearing  altogether  about  the  eighth, 
in  consequence  of  the  complete  mixture  of  the  dark 
and  brilliant  bands  of  all  the  colours,  which  natur- 
ally produces  an  uniform  white  tint. 

We  shall  now  endeavour  to  show  the  cause  of 
these  curious  phenomena.  Evqry  one  may  remark 
on  throwing  stones  into  a  tranquil  pool,  that  where 
two  series  of  waves  cross  on  its  surface,  there  are 
points  of  meeting,  where  the  water  remains  motion- 
less, namely,  when  the  two  systems  of  waves  have 
very  nearly  the  same  force  ;  while  there  are  other 
points,  where  the  waves  are  enlarged  by  their  union. 
It  is  not  difficult  to  asSign  the  cause  of  this.  The 
undulatory  movement  of  the  surface  of  the  water, 
consists  of  vertical  motions,  which  alternately  raise 
and  depress  the  liquid  particles.  Now,  by  the 
mere  effect  of  the  crossing  of  the  waves,  it  happens 
that  in  certain  points  of  meeting,  one  of  the  two 
waves  carries  with  it  an  ascensional  movement, 
whilst  the  other  tends  at  the  same  Vxv^itaxvt  Vo  Vs^^^ 
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the  surface  of  the  liquid.  When  the  two  impulsions 
are  equal,  the  liquid  can  obey  neither  the  one  nor 
tlie  other,  and  must  remain  in  repose.  On  the 
contrary,  however,  in  the  points  of  meeting  where 
the  movements  conspire,  where  they  are  in  constant 
accordance,  the  liquid  moved  in  the  same  direction  by 
tlie  two  waves,  rises  or  falls  with  a  velocity  equal  to 
the  sum  of  the  t\to  impulsions  which  it  has  received, 
or  to  the  double  of  one  of  tliem,  when  the  two  waves 
are  supposed  to  be  of  equal  intensity.  BetwfeAi 
these  two  points  of  perfect  accordance  and  com- 
plete opposition,  which  present,  on  the  one  hand, 
the  maximum  of  the  oscillation  of  the  liquid,  and 
the  total  absence  of  movement,  there  is  an  infinity 
of  other  intermediate  points,  where  the  midulatory 
equilibrium  is  effected  with  more  or  less  precision, 
in  proportion  as  they  appt'oach  more  nearly  to  a 
perfect  accordance,  or  to  a  complete  opposition 
between  the  two  movements  which  meet  togetlier 
in  that  place. 

The  waves  ])r()pagated  in  the  interior  of  an  elastic 
fluid,  although  very  different  in  their  nature,  from 
tlie  liquid  waves  just  described,  produce  mechani- 
cal results,  quite  analogous  in  their  interferences^ 
whenever  they  communicate  oscillatory  movements 
to  the  pa/-ticles  of  the  fluid.  In  fact,  these  move- 
ments need  only  be  oscillatory,  or  carry  the  particles 
alternately  to  and  fro,  in  order  that  one  series  of 
waves  be  destroyed  by  another  series  of  like  intent 
sity  ;  for  whenever  the  difference  of  route  between 
the  two  groupes  of  waves  shall  be  such  for  each 
point  of  the  fluid,  that  the  movements  of  the  first 
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in  the  one  direction,  or  forwards,  shall  correspond 
with  the  movements  of  the  second  in  the  opposite 
^  direction,  or  backwards,  they  will  become  mutually 
neutrahsed,  provided  they  are  of  equal  intensity, 
and  the  molecule  of  the  ethereous  fluid  will  con- 
linue  in  repose.  This  result  always  takes  place, 
whatever  in  other  respects  may  be  the  direction  of 
the  oscillatory  movement,  in  reference  to  the  direc- 
tion in  which  the  waves  are  propagated,  provided 
th^t  it  be  equal  in  the  two  systems  of  waves.  Thus, 
for  example,  in  the  undulations  which  are  formed 
on  the  surface  of  a  liquid,  the  oscillation  is  vertical, 
while  the  waves  are  propagated  horizontally,  and 
of  consequence,  in  a  direction  perpendicular  to  the 
first.  In  the  waves  of  sound  or  hght,  on  the  con- 
trary, the  oscillatory  movement  is  parallel  to  the 
direction  of  the  propagation.  And  these  waves, 
like  .the  liquid  ones,  are  subject  to  the  above  stated 
law  of  interference. 

We  have  described  in  a  general  manner  the  waves 
which  inay  be  formed  in  the  interior  of  a  fluid  ma^. 
To  acquire  a  precise  idea  of  their  mode  of  propaga- 
tion, we  must  consider,  that  when  the  fluid  has 
every  way  the  same  density  and  the  same  elasti- 
city, the  vibration  produced  in  one  point,  must  be' 
propagated  on  all  sides  with  the  same  velocity  ;  for 
this  velocity  of  propagation  (which  must  not  be 
confounded  with  the  absolute  prt^essive  velocity 
of  the  molecules)  depends  entirely  on  the  density 
and  elasticity  of  the  fluid.  It  thence  follows  that 
all  the  points  that  have  been  made  to  vibrate  at  the 
same  instant,  will  be  distributed  over  a  wp\ve.t\si«!i. 
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jNur&ce^  having  for  its  centre  the  origin  of  the  dis- 
turbance. Thus  tiiese  waves  are  spherical,  whilst 
those  observed  at  the  siuiace  of  a  liquid  are  simjrfy 
circular. 

The  straight  lines  drawn  from  the  vibration  to 
the  different  points  of  this  spherical  surface  are 
populariy  called  rays.  These  denote  merely  the 
iiUrections  in  which  the  movement  is  propagated. 
This  is  what  is  meant  both  by  sonorous  rays  or  rays 
of  sound  in  acoustics  ;  and  by  luminous  raySj  in  the 
system  which  ascribes  the  production  of  light  to  the 
vibrations  of  an  universal  fluid,  styled  ether. 

The  nature  of  the  different  elementary  move- 
ments of  which  each  wave  is  composed,  depends  on 
the  nature  of  the  different  movements  which  com- 
pose the  primary  vibration.  The  most  simple 
hypothesis  we  can  make  concerning  the  formation 
of  luminous  waves,  is  that  the  small  oscillations  of 
the  particles  of  bodies  which  produce  them,  are 
analogous  to  those  of  a  pendulum,  slightly  removed 
from  its  point  of  repose  ;  for  we  are  to  conceive  the 
particles  of  bodies,  not  as  immoveably  fixed  in  the 
positions  which  they  occupy,  but  as  suspended 
-between  forces  which  mutually  balance  each  other 
in  all  directions.  Now,  whatever  be  the  nature  of 
the  equal  forces,  which  maintain  the  particles  in 
this  situation,  so  long  as  these  particles  are  removed 
from  their  position  of  equilibrium,  only  by  a  very 
small  quantity,  relative  to  the  sphere  of  activity  of 
these  forces,  the  accelerative  power  which  tends  to 
bring  them  back  to  it,  and  which  thereby  makes 
them  oscillate  backwards  and  forwai'ds  from  the 
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pcxnt  of  equilibrium,  may  be  regarded  as  sensibly 
proportioiial  to  the  recession.  This  phenomenon 
ftlls  precisely  under  the  law  of  the  minute  oscilla- 
tioDS  of  the  pendulum,  and  in  general  of  all  kinds 
of  small  oscillations. 

Let  us  imagine,  hung  up  in  the  elastic  fluid,  a 
little  solid  plane,  which  having  been  removed  from 
its  primitive  position  is  brought  back  to  it,  by  a 
force  proportional  to  the  displacement  At  the 
■beginning  of  its  movement,  the  accelerative  force 
can  impress  upon  it  only  an  infinitely  small  velo- 
city ;  but  its  action  continuing,  the  effects  accumu- 
late, and  the  velocity  of  the  solid  plane  progressively 
■increases,  till  the  moment  of  its  arrival  at  the  posi- 
tion of  equilibrium,  where  it  would  remain  were  it 
not  for  its  acquired  velocity ;  but  in  virtue  of  this 
•velocity,  it  goes  beyond  the  point  of  equilibrium. 
The  same  force  which  tends  to  recall  it,  and  which 
now  acts  in  a  direction  contrary  to  the  acquired 
movement,  diminishes  continually  the  velocity  till 
it  be  reduced  to  zero.  Its  elastic  power  continuing 
to  act  produces  a  velocity  in  a  contrary  direction, 
which  restores  the  particle  to  its  position  of  equili- 
brium. This  velocity  nearly  null  at  the  beginning 
of  ihe  return,  grows  greater  by  the  same  degrees 
as  it  had  diminished,  till  the  instant  when  the  par- 
'ticle  arrives  at  the  point  of  equilibrium,  which  it 
passes  in  consequence  of  the  movement  acquired. 
On  departing,  however,  from  this  point,  the  move- 
ment diminishes  incessantly  by  the  effect  of  the 
force  which  tends  to  restore  the  particle  to  it\  and 
-its  vdocity  is  once  more  reduced  to  zeto,  a&  ?ocnv 
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as  it  reaches  its  point  of  departure.  It  then,  recom- 
mences, with  the  same  stages,  the  movements  just 
described,  and  would  thus  continue  to  oscillate 
indefinitely  like  a  pendulum,  but  for  the  resistance 
of  the  surrounding  fluid,  whose  inertia  progressively 
lessens  the  amplitude  of  its  oscillations,  and  eventu- 
ally extinguishes  them  altogether,  at  the  expiration 
of  a  longer  or  a  shorter  time. 

To  fix  our  ideas,  let  us  assume  the  instant  when 
the  solid  plane  has  returned  to  its  point  of  depar- 
ture, after  having  executed  two  oscillations  in 
opposite  directions.  Then  the  velocity  which  it 
had  at  the  first  moment,  and  which  was  sensibly 
null,  is  at  the  instant  under  consideration,  trans- 
mitted to  a  section  of  the  fluid  distant  from  the 
centre  of  disturbance,  by  a  quantity  which  we  shall 
represent  by  d.  Immediately,  thereafter,  the  velo- 
city of  the  solid  plane,  which  has  augmented  a 
little,  is  communicated  to  the  section  in  contact ; 
from  this,  it  passes  successively  through  all  the 
following  sections,  and  at  the  moment  when  the 
first  disturbance  arrives  at  the  section  situated  at 
the  distance  e/,  the  second  arrives  at  the  immediately 
preceding  section.  Continuing  thus  to  divide  men- 
tally, the  duration  of  the  two  oscillations  of  the  solid 
plane,  into  an  infinity  of  small  intervals  of  time, 
and  the  fluid  comprised  in  the  length  rf,  into  a  like 
number  of  corrcvsponding  sections  infinitely  thin,  it 
is  easy  to  see,  by  the  same  reasoning,  that  the  dif- 
ferent velocities  of  the  moveable  plane  at  each  of 
these  instants  is  now  distributed  in  the  correspond- 
ing' aeetions ;  and  that  thus,  for  example,  the  velo- 
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city  with  which  the  solid  plane  was  animated  in  the 
middle  of  the  first  oscillation,  (equal,  to  i  d  from 
the  starting  pointj)  must  have  arrived  at  the  instant 
under  consideration  at  the  distance  |  d.  It  is 
therefore  the  stratum  placed  at  this  distance,  which 
is  now  actuated  with  the  maximum  of  velocity  in 
advance.  In  like  manner  when  the  plane  has 
arrived  at  the  limit  of  its  first  oscillation,  its  velo- 
city was  null,  and  this  absence  of  motion  must 
coexist  in  the  section  situated  at  the  distance  g  d^ 
d  being  the  whole  breadth  of  the  waves  percurred 
during  a  forward  and  backward  oscUlation  of  the 
above  imaginary  plane.  By  its  second  oscillation, 
the  plane  retracing  its  steps,  must  give  to  the  sec- 
tion of  fluid  in  contact,  and  successively  to  the 
others,  movements  contrary  to  those  of  the  first 
oscillation  j  for  when  the  plane  retires,  the  section 
in  contact  pressed  against  this  plane  by  the  elasti- 
city or  the  expansive  force  of  tlie  fluid,  necessarily 
follows  it,  and  fills  up  the  void  which  its  retrograde 
motion  tends  to  produce.  For  the  same  reason, 
the  succeeding  section,  is  drawn  towards  the  first, 
the  third  towards  the  second,  and  thus  in  succes- 
sion. This  is  the  manner  in  which  the  retrograde 
movement  is  communicated  from  point  to  point, 
till  it  reaches  the  most  distant  sections.  Its  propa- 
gation takes  place  according  to  the  same  law,  as 
that  of  &e  forward  movement  There  is  no  differ- 
ence except  in  the  direction,  or  in  mathematical 
language,  in  the  sign  of  the  velocities  which  they 
impress  on  the  molecules  of  the  fluid.  The  extent 
of  fluid,  moved  by  two  oscilUiUom  of  V\\e  %o\\!&. 
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plane  in  opposite  directions,  has  been  called  an 
entire  undulatiotiy  and  to  each  of  its  halves  excited 
by  these  opposite  oscillations,  the  name  of  semu 
undulation  has  been  given ;  of  which  the  whole  may 
be  styled  a  complete  osciUathn^  since  it  comprises 
the  return  of  the  vibrating  plane  to  the  pcnnt  o£ 
departure.  We  see  that  the  two  demi-undulations 
which  compose  the  complete  undulation,  present 
in  the  fluid  sections  which  they  embrace,  velocities 
absolutely  equal  as  to  magnitude,  but  which  are  of 
contrary  signs,  that  is  to  say,  which  carry  the  mole-» 
cules  of  the  fluid  in  opposite  directions.  These 
velocities  are  at  their  maximum  in  the  middle 
of  each  of  these  semi-undulations,  and  decrease 
gradually  to  their  extremities,  where  they  fall  to 
zero.  Thus  the  points  of  repose  and  of  greatest 
positive  or  negative  velocity,  are  separated  by  inter- 
vals of  a  quarter  undulation. 

The  length  d  of  an  undulation  depends  on  two 
things :  1.  On  the  promptitude  with  which  the 
movement  is  propagated  in  the  fluid ;  2.  On  the 
time  of  the  complete  oscillation  of  the  vibrating 
plane ;  for  the  longer  its  duration,  and  the  more 
rapid  the  propagation  of  the  motion,  the  farther 
will  the  first  disturbance  extend  from  the  solid 
plane  at  the  moment  when  this  returns  to  its  point 
of  departure.  If  the  undulations  are  performed  in 
the  same  medium,  the  promptitude  of  the  propaga- 
tion remaining  the  same,  the  length  of  the  undula* 
tions  will  be  proportional  to  the  time  of  the  oscilla^ 
tions  of  the  vibrating  particles  that  give  them  birth. 
While  the  vibrating  particles  continue  subject  to 
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the  same  forces,  the  laws  of  mechanics  demonstrate 
that  each  of  their  small  oscillations  has  always  the 
same  duration,  whatever  may  be  its  amplitude. 
Thus  the  correspondent  oscillations  wUl  have  in 
this  case,  the  same  length ;  they  will  difier  merely 
by  the  greater  or  less  energy  of  the  oscillations  of 
the  fluid  sections,  whose  amplitude  will  be  propor- 
tional to  that  of  the  c^cillations  of  the  illumioating 
particles  j  far  we  see,  from  what  has  been  stated, 
that  each  section  of  the  fluid  repeats  all  the  move- 
ments of  the  vibrating  molecule.  The  greater  or 
less  amplitude  of  the  oscillations  of  the  sections  of 
the  fluid,  determines  the  degree  of  absolute  velocity 
with  which  they  move,  and  oi'  consequence  the 
energy,  but  not  the  nature  of  the  sensation,  which 
must  depend,  according  to  every  anal<^y,  on  the 
time  of  these  oscillations.  It  is  thus  that  the  nature 
of  the  sounds  which  the  air  transmits  to  our  ear 
depends  solely  on  the  time  of  each  of  the  oscilla- 
tions performed  by  the  air,  or  by  the  sonorous 
body,  which  sets  it  a  vibrating ;  and  that  the 
greater  or  less  amplitude,  or  energy  of  these  oscil- 
lations, does  nothing  more  than  augment  or  dimi- 
nish the  intensity  of  the  sound,  witiiout  changing  its 
nature,  namely,  its  pitch  or  tone. 

The  intensity  of  light,  therefore,  will  depend  on 
the  intensity  of  the  vibrations  of  the  ether  ;  and  its 
nature,  that  is  to  say,  the  sensation  of  colour  which 
it  produces,  will  depend  on  the  duration  of  each 
oscillation,  or  on  the  length  of  the  undulation,  since 
the  one  is  proportional  to  the  other. 
•  On  this  principle,  the  intenaty  of  \i%\A  ■nwwft. 
decrease  in  the  ratio  of  the  square  of  tina  diBlia.'c«» 
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from  the  luminous  point.  A  regular  and  uninter- 
rupted series  of  luminous  undulations,  is  called  a 
system  of  undulations. 

The  length  of  rf,  or  one  undulation,  for  red  light, 
is  one  forty  thousandth  of  an  inch ;  and  for  violet 
light,  about  one  sixty-four  thousandth;  and  pro- 
portionally  for  the  intermediate  colours.  From  the 
prodigious  rapidity  of  the  luminous  vibrations,  it  is 
natural  to  suppose,  that  the  illuminating  particles 
may  execute  a  very  great  number  of  regular  oscil- 
lations in  each  of  the  different  mechanical  circum- 
stances, in  which  they  are  placed,  during  the  com- 
bustion or  incandescence  of  the  luminous  body, 
although  these  variable  circumstances  succeed  each 
other  undoubtedly  with  an  extreme  promptitude. 
The  millionth  part  of  a  second  is  sufficient  for  the 
production  of  545  thousand  undulations  of  the  yel- 
low light.  Hence  the  mechanical  perturbations 
which  derange  the  regular  succession  of  the  vibra- 
tions of  the  illuminating  particles,  or  even  change 
their  nature,  might  be  repeated  at  each  thousandth 
of  a  second,  as  it  could  still  perform  in  the  intervals 
more  than  500  millions  of  regular  and  consecutive 
undulations.  This  observation  serves  to  determine 
the  circumstances  in  which  the  interferences  of  the 
luminous  waves  can  or  cannot  exhibit  sensible 
effects  to  our  eyes. 

We  have  seen  that  every  wave  produced  by  an 
oscillatory  movement,  was  composed  of  two  semi- 
undulations,  which  impressed  on  the  molecules  of 
the  fluid,  velocities  absolutely  equal  as  to  intensity, 
but  opposite  as  to  the  sign  or  direction  of  the  move- 
went     Let  us  suppose,  first  of  all,  that  two  eivl\Te 
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waves,  moving  with  the  same  sign,  and  in  the  sune 
direction,  differ  by  a  semi-undulation  in  their  march. 
They  will  now  apply  to  each  other  only  over  the 
half  of  their  length,  or  half  the  interval  between  the 
first  and  last  point  of  the  fluid  -set  in  motion. 
There  will  be  an  interference  only  between  the 
second  half  of  the  wave  furthest  in  advance,  and 
the  first  half  of  the  other.  If  these  two  half  waves 
are  of  equal  intensity,  as  they  bring  to  the  same 
pointsof  the  ether,  directly  opposite  impulsions,  they 
will  be  mutually  neutralised,  and  the  movement 
will  be  destroyed  throughout  this  portion  of  the 
fluid  i  but  the  movement  will  subsist  without  altera- 
tion in  the  two  other  semi-undulations.  Hence, 
only  one  half  of  the  movement  will  be  destroyed. 

Let  us  now  suppose  that  every  one  of  these  two 
waves  which  differ  in  their  route  by  a  semi-undula- 
tion, is  preceded  and  followed  by  a  great  number 
of  other  similar  waves  ;  then  instead  of  the  inter- 
ference of  two  insulated  waves,  we  shall  have  to 
consider  the  interference  of  two  systems  of  waves. 
Suppose  them  equal,  both  in  the  number  of  waves 
that  they  contain,  and  in  their  intensity.  Since,  by 
hypothesis,  they  difier  by  a  semi-undulation  in  their 
pace,  the  half  waves  of  the  one  which  tend  to 
propel  the  molecules  of  the  ether  forwards,  coincide 
with  the  half  waves  of  the  other  which  tend  to 
propel  them  backwards,  and  they  are  in  equilibrium 
of  force.  Hence  the  movement  will  be  destroyed 
through  the  whole  extent  of  the  two  systems  of 
waves,  excepting  the  two  extreme  half  waves,  which 
escape  from  the  interference.  But  as  ttveae  iorwv  i 
very  small  portion  of  the  systems  of  Yjavea»  we  "^w- 
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ceive  that  almoet  the  whole  of  the  movement  must 
be  annihilated. 

It  is  extremely  probable  that  the  single  impulse 
of  a  luminous  semi-undulation,  or  even  of  an  ^itire 
undulation,  is  not  sufficient  to  irritate  the  fibres  of 
the  optic  nerves,  just  as  a  single  sonorous  wave 
cannot  put  in  vibration  the  bodies  which  might 
vibrate  to  its  unison.  It  is  the  succession  of  these 
waves,  which,  by  the  continual  addition  of  their 
minute  partial  effects,  causes  the  sonorous  body 
finally  to  oscillate  in  a  perceptible  manner,  just  as 
the  r^ular  succession  of  very  inconsiderable  im- 
pulses eventually  sets  the  heaviest  bell  a  vibrating. 
On  applying  to  vision  this  admitted  principle,  which 
is  most  natural,  and  most  conformable  to  every 
analogy,  we  see  that  the  two  residuary  half  waves 
mentioned  above  cannot  affect  the  retina  in  a  sen- 
sible manner,  and  that  the  combination  of  these 
two  systems  of  luminous  waves,  must  therefore 
realise  the  state  of  complete  darkness. 

If  we  retard,  by  a  semi-undulation,  the  one  sys- 
tem of  waves,  which  is  already  that  quantity  in 
arrear,  the  difference  of  pace  being  thus  an  entire 
undulation,  the  coincidence  between  the  move- 
ments of  the  two  groupes  of  waves  will  be  restored, 
and  the  velocities  of  oscillation  will  become  addi- 
tive throughout  all  the  points  of  their  mutual  super- 
position. The  intensity  of  the  light  is  now  at  its 
maximum,  or  is  doubled. 

If  we  still  retard  by  a  semi-undulation  the  same 
system  of  waves,  the  difference  of  route  being  now 
an  undulation  and  a  half,  we  perceive  that  the 
super-position  takes  place  between  the  half  >N^\e% 
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of  the  two  systems  which  occasion  contrary  move- 
ments,  as  in  the  first  predicament,  and  that,  conse- 
quently, all  the  waves  of  which  they  are  composed 
must  mutually  neutralise  each  other,  except  the 
three  half  waves  of  each  extremity,  which  escape, 
from  the  interference.  Thus  almost  the  whole  of 
the  movement  is  still  destroyed,  and  the  union  of 
the  two  beams  of  light  must  produce  darkness,  as 
in  the  first  case. 

By  continuing  to  augment  in  succession,  and  by 
a  semi-undulation  at  a  time,  the  difierence  of  march 
between  the  two  systems  of  waves,  "we  shall  have 
alternately  complete  obscurity,  and  complete  light 
carried  to  its  maximum,  according  as  the  difference 
of  pace  shall  be  an  even  or  an  odd  number  of  semi- 
oscillations.  Such  are  the  consequences  of  the  prin- 
ciple of  the  interference  of  waves,  which  accord 

'  perfectly  as  we  see  with  the  law  of  the  mutual  influ- 
ence of  the  luminous  rays  deduced  from  experi- 
ment ;  for  the  enunciation  becomes  absolutely  the 
same,  in  calling  length  of  undulation  the  difference 
of  path  percurred,  a  quantity  which  we  have  repre- 
sented by  d.  Thus  in  admitting,  as  every  thing 
leads  us  to  conclude,  that  light  consists  in  the  vibra- 
tions of  a  subtile  fluid,  the  period  dy  after  which 
the  same  effects  of  interference  are  repeated,  will 
be  the  length  of  an  undulation. 

The  phenomenon  of  coloured  rings,  and  that  of 
the  colours  which  polarised  light  developes  in  crys- 
tallised plates,  present  a  particular  case  of  inter- 
ference, in  which  the  waves  of  the  two  systems  are 
parallel,  and  the  dark  bands  are  black.      ^v\\.^  '\w 

.   the  phenomena  of  diffiaction,  and  in  tVie  e^^^tvov^vvV        i 
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of  the  two  mirrors  above  describedt  the  rays  which 
interfere  form  always  sensible,  though  very  small 
angles  with  each  other.  In  that  case,  the  impulsions 
applied  to  the  same  points  of  the  ether,  by  the  two 
systems  of  waves,  also  cross  under  sensible  angles ; 
but  on  account  of  the  smallness  of  these  angles,  tfa^ 
resultant  of  the  two  impulsions  is  almost  exactly 
equal  to  their  sum,  when  the  impulsions  act  towards 
the  same  quarter ;  and  equal  to  their  differoice 
when  they  act  towards  opposite  quarters.  Hence, 
in  the  points  of  accordance  or  discordance, '  the 
intensity  of  the  light  will  be  the  same  as  if  the  two 
luminous  beams  had  followed  the  same  direction } 
for  the  most  expert  eye  cannot  perceive  any  differ- 
ence. But  if  in  reference  to  the  intensities,  the 
case  of  interference  under  review,  resembles  that 
iirst  considered;  in  other  respects  it  differs  much 
from  it,  especially  by  the  aspect  which  it  presents, 
and  by  the  circumstances  necessary  to  its  production. 
The  Figure  re- 
F  presents  a  section 
of  the  two  mirrors, 
and  of  the  reflected 
waves,  formed  by 
aplane,  drawn  from 
'  the  luminous  point 
perpendicularly  to 
these  mirrors,  pro- 
jected in  E  D  and 
DF.  The  lumi- 
nous point  is  in  S, 
and  A  and  B  repre- 
sent the  geomettv- 
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cal  positions  of  its  two  images*  It  is  towards  A 
and  B,  that  the  rays  reflected  from  the  first  and 
second  mirror  are  converged,  according  to  the  well 
known  law  of  optics,  that  the  angle  of  reflection  is 
equal  to  the  angle  of  incidence.  To  represent  the 
two  systems  of  reflected  waves,  we  have  described 
from  the  points  A  and  B,  as  centres,  two  series  of 
equi-distant  arcs  separated  from  each  other,  by  an 
interval  supposed  to  exhibit  the  length  of  a  semi- 
undulation.  For  distinguishing  the  movements  in 
contrary  directions,  we  have  traced  in  full  lines,  all 
the  arcs  of  circles  on  which  the  ethereal  particles 
are  supposed  to  be  impressed  with  the  maximum  of 
velocity  in  advance,  at  the  instant  under  considera- 
tion ;  and  we  have  dotted  the  lines  on  which  the 
ediereal  particles  have  the  maximum  velocity  of 
retrocession.  It  follows,  that  the  intersections  of  the 
circular  dotted  arcs  with  those  in  full  lines,  are  the 
points  of  complete  discordance,  and  consequently 
the  middle  line  of  the  dark  bands ;  and  on  the 
contrary,  the  intersections  of  the  similar  arcs  give 
the  points  of  perfect  accordance.  The  crossings 
represent  the  successive  positions  or  the  trajec- 
tories of  the  middle  of  the  obscure  bands ;  and 
the  trajectories  of  the  middle  of  the  brilliant 
bands. 

We  have  been  obliged  to  enlarge  excessively,  in 
the  figure,  the  real  length  of  the  luminous  waves, 
or  distance  between  them,  and  to  exaggerate  the 
respective  inclination  of  the  two  mirrors.  Hence, 
we  must  not  expect  to  find  in  it,  an  exact  image  of 
things^  but  only  the  means  of  repteseTv\!\xv^vlo  W3x 
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eye  the  interferences  among  the  waves,  which  cross 
under  a  sensible  angle. 

It  is  obvious,  from  the  simplest  geometrical  con- 
siderations, that  the  breadth  of  these  fringes  or 
luminous  waves  is  in  the  inverse  ratio  of  the  ma^* 
nitude  of  the  angle,  formed  by  the  two  interfering 
beams,  and  that  the  interval  comprised  between  the 
middle  of  two  consecutive  obscure,  or  brilliant 
J)ands,  is  equal  to  the  length  of  an  imdulation,  d^ 
divided  by  the  sine  of  the  angle  under  which  tibe 
rays  cross. 

The  mere  inspection  of  Uie  figure  shows  why  it 
is  necessary,  that  the  two  mirrors  should  be  almost 
in  the  same  plane,  when  we  wish  to  obtain  fringes 
of  a  somewhat  perceptible  breadth.  In  the  small 
triangle  b  n  /,  the  side  b  i,  which  represents  the  length 
of  a  semi-undulation,  being  almost  one  fifty  thou- 
sandth of  an  inch  for  the  yellow  rays,  the  side  bn 
which  measures  the  half  breadth  of  a  fringe, 
becomes  more  perceptible,  in  proportion  as  A  n  has 
a  smaller  inclination  to  i  n,  because,  in  that  case, 
their  point  of  intersection  recedes  from  i  b. 

The  theory  of  undulations  has  explained  the  ele- 
mentary facts,  and  most  general  properties  of  light, 
and  has  moreover  furnished  the  means  of  represent- 
ing optical  laws  by  analytic  expressions.  For  cal- 
culating the  very  various  phenomena  of  diffrac- 
tion ;  of  the  coloured  rings  produced  by  a  thin 
plate  of  air,  water,  or  other  refracting  medium  ; 
refraction  itself,  in  which  the  ratio  of  the  sine  of 
incidence  to  the  sine  of  the  refracted  rays,  is 
precisely  that  of  the  lengths  of  the    undulations 
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-in  tile  two  mediums ;  the  colours  and  the  singid»* 
modes  of  polarisation  which  crystallised  plates 
present;  it  is  sufficient  to  know  the  different 
lengths  of  the  undulations  of  the  light  in  the 
mediums  which  it  traverses,  this  being  the  only 
ijuantity  which  need  be  bwrowed  irom  experi- 
ment, and  it  is  the  basis  of  alt  tbe  formuls.  If  we 
•consider  these  intimate  and  multiplied  relations, 
'  which  the  theory  of  undulations  establishes  among 
the  most  difibrent  phenomena,  we  must  be  struck 
at  once  with  its  simplicity,  and  its  fiititiulness,  and 
allow,  that  even  though  it  did  not  possess  the 
advantage  of  explaining  several  facts  absolutely 
inconceivable  and  unaccountable  on  the  system  <^ 
«miS9ion,  it  would  meril  the  preference  by  the  means 
irhich  it  affords  of  connecting  bother  all  the  phe- 
iiomena  of  optics,  and  unbracing  them  in  general 
fonnulas. 

The  phenomenon  of  the  dark  bands  produced  in 
the  beautiful  experiment  of  the  beam  of  light 
reflected  from  two  mirrors  slightiy  inclined  to  each 
other,  seems  of  itself  to  be  quite  decisive  against 
the  emission  of  material  particles  irom  luminous 
hodies,  for  it  is  impossible  that  the  accumulation 
and  condensation  of  such  particles,  or  that  ligkt 
added  to  light  should  produce  darkness.  Addition 
ought,  in  all  circumstances  of  emission,  to  in- 
crease more  or  less  the  vivacity  of  the  light,  and 
in  the  above  experiment  of  the  double  reflection 
^om  two  mirrors,  to  double  it  Before  quitting  tbe 
subject  of  light,  I  shall  describe  an  experiment, 
which  M.  Arago  ghowed  me  some  yean  ft^o,  m^Cnit 
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Royal  Observatory  of  Paris.   It  brings  a  very  strik- 
ing accession  of  evidence  to  the  undulatory  theory. 

It  has  been  long  known  to  chemists,  that  the 
chloride  of  silver  becomes  instantly  black  in  the 
sunbeam,  but  retains  its  snow  white  colour  for  any 
length  of  time  when  kept  in  a  dark  place.  On  caus- 
ing to  fall  on  newly-prepared  chloride  of  silver,  the 
fringes  produced  by  the  interference  of  two  beams 
jeflected  from  the  above  described  slightly  inclined 
mirrors,  they  were  observed  to  trace  on  it  equi- 
distant black  lines,  separated  by  white  intervals. 

This  proves,  that  the  chemical  influence  of  the 
luminous  rays  is  modified  by  their  interference,  like 
their  optical  properties,  and  that  it  varies  in  inten- 
sity according  to  the  differences  of  the  paths  per- 
curred.  When  this  difference  is  equal  to  an  entire 
number  of  undulations,  the  two  systems  of  waves 
are  in  perfect  accordance,  and  their  vibrations  have 
the  greatest  energy  possible.  In  this  case,  their 
chemical  effects  ought  to  reach  their  majcimum ; 
and  on  the  other  hand,  in  the  points  where  the 
difference  of  the  paths  percurred  is  an  odd  number 
of  semi-undulations,  the  discordance  being  complete, 
the  chemical  effects  ought  to  be  null,  Uke  the  sensa- 
tion of  light  which  the  same  points  produce  on  the 
eye.  These  interesting  positions  have  been  con* 
firmed  by  experiment.  M.  Arago  further  proved, 
that  the  unequal  action  of  the  light  at  the  different 
points  of  the  space  where  the  two  beams  are  united, 
depends  on  their  mutual  influence,  for  on  with- 
drawing one  of  the  beams,  the  chloride  of  silver 
assumes  an  uniform  dark  tint  in  the  very  same 
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Rpace,  in  which  lines  alternately  black  and  white 
were  formed,  when  the  tfro  sunbeams  arrived 
there  simultaneously.  In  the  same  way  it  was 
demonstrated,  that  in  the  points  corresponding  to 
the  diiferences  of  paths  percurred  equal  to  an  odd 
number  of  semi-undulations,  the  chemical  action  of 
light  is  insensible  when  the  two  reflected  beams 
arrive  there  together,  whilst  it  re-appears  when  one 
of  the  beams  is  intercepted.  This  fact,  indepen- 
dentlif  of  all  theory,  overturns  the  hypothesis  adopted 
by  several  philosophers,  according  to  which  the 
chemical  effects  of  light  result  from  the  combina- 
tion of  its  matter  with  bodies ;  for  if  it  were  so,  the 
effect  produced  would  be  greater  the  more  con- 
siderable the  quantity  of  luminous  particles,  and  in 
no  case  assuredly  could  the  chemical  effect  of  light 
be  increased  by  withdrawing  a  portion  of  the  inci- 
dent rays. 

When  the  two  beams  are  reflected  by  two  mirrors, 
forming  a  sensible  angle  with  one  another,  it  hap- 
pens that  the  same  rays  which  lose  in  one  point 
their  luminous  and  chemical  properties,  by  their 
complete  discordance  with  the  rays  which  they  there 
encounter,  find  themselves  a  little  farther  on  in  dif- 
ferent circumstances,  and  recover  these  properties. 
This  shows,  as  M.  Arago  justly  remarks,  that  they 
did  not  mutually  destroy  each  other,  but  were 
merely  neutralised  for  the  moment,  in  the  spot  where 
their  movements  towards  opposite  quarters  counter- 
balanced their  vibrations.  This  play  of  interfer- 
ences will  be  understood  by  inspecting  the  i^Te,\-\o>&% 
figure  p.  44. 
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The  facts  now  detailed  are  amply  sufficient  to 
prove,  that  not  only  mere  space,  but  that  even  the 
dense  forms  of  mattei'  are  pervaded  by  a  lumini* 
ferous  medium,  by  whose  undulatory  movements 
the  phenomena  of  light  are  produced.  To  the  cre- 
ation of  this  marvellous  essence,  the  Divine  man- 
date. Let  there  be  Light,  seems  to  refer.  Its  pre- 
existence  was  necessary  to  the  luciferous  functions 
of  the  sun,  and  the  other  foci  of  vibration.  As 
we  know  that  its  undulations  may  be  excited  by 
many  causes  independent  of  the  sun,  we  can  find 
no  difficulty  in  conceiving  that  alternations  of  light 
and  darkness,  constituting  the  evening  and  the 
morning  6{  the  first  three  days  of  creation,  might 
have  taken  place.  A  far  more  vivid  excitation 
of  the  luminiferous  ether  no  doubt  commenced 
when  the  solar  globes  were  invested  on  the  fourth 
day  with  their  phosphoric  atmospheres,  to  which 
most  gratuitously  a  state  of  igneous  combustion 
has  been  ascribed.  This  is  a  process  of  waste 
and  change,  unlike  the  frugal  economy  observed 
in  the  domains  of  Nature.  What  brilliant  radia- 
tions may  be  produced  by  transmitting  the  influ- 
ence of  a  voltaic  battery  through  a  bit  of  char- 
coal, placed  in  vacuo,  yet  the  carbonaceous  matter 
is  not  consumed !  This  light  vies  with  the  sun,  but 
is  certainly  not  borrowed  from  his  beams.  How, 
therefore,  should  purblind  sciolists  dare  to  cavil  at 
the  Hebrew  prophet  for  recording  in  the  sublimest 
language,  that  light,  the  first-born  oflspring  of  hea- 
ven^  enlivened  the  wilderness  of  space  before  cer- 
tain  ponderous  and  inert  spheroids  were  ordained 


DECREABINO  DSdlSITY  WITH  INCRBASING  HEIGHTS.    61 

to  modify  its  operations!  As  justly  might  they 
assert  that  the  electric  power,  whether  substance  or 
quality,  did  not  exist  till  philosophy  mounted  its 
cylinder^  to  excite  luminous  phenomena. 


CHAP.  IIIw— THE  ATMOSPHERE. 

The  rare  elastic  medium  which  envelopes  the  earth, 
extending  to  an  unknown,  but  not  unlimited  dis- 
tance  from  its  surface,  is  called  the  Atmosphere. 
As  it  exercises  no  observable  action  on  the  rays  pf 
light,  at  a  greater  elevation  above  the  earth,  than  45 
miles,  this  height  has  been  regarded  practically  as  the 
atmospheric  boundary.  Experiment  joined  to  cal-* 
culation  shows,  that  the  density  of  the  air  dimi* 
nishes  in  a  geometrical  progression ;  such  as  2,  4^ 
8»  16,  &C.  while  the  distance  from  the  earth  increases 
in  an  arithmetical  progression,  such  as  1,  9,  3,  4, 
Uc.  Thus  it  becomes  known  that  the  atmosphere, 
at  an  altitude  of  7  miles,  is  4  times  rarer  than  at 
the  surface  of  the  earth,  or  contains  only  one-fourth 
of  ponderable  matter  in  the  same  bulk ;  and  that  it 
quadruples  its  rarity  at  every  additional  recedure  of 
7  miles;  being  16  times  rarer  at  14  miles,  64  at 
21,  and  so  forth.  Hence  a  cubic  inch  of  air,  such 
as  we  respire,  would  expand  at  the  height  of  45 
miles  into  9000  cubic  inches;  an  attenuation  8 
times  greater  than  the  best  air  pumps  can  produce. 
The  preceding  computations  are  founded  on  the 
property  which  air,  and  other  gaseous  matter,  pos- 
sesses^ of  accommodating  its  density  to  the  incum^ 
bent  pressure,   and   conversely  of  enpaxvdLVVv^  \V^ 
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volume  by  an  innate  elastic  force,  in  proportion  as 
the  pressure  is  lightened.  It  is  therefore  the  mutual 
resilience  of  the  aerial  particles  themselves  which 
causes  them  to  escape  from  the  receiver  of  an  air 
pump,  as  we  relieve  them  from  atmospheric  pres- 
sure by  raising  the  piston ;  and  not  any  active  suck- 
ing force,  which,  by  this  instrument,  we  can  exer- 
cise. 

'  This  curious  constitution,  scarcely  recognisable 
in  water  and  other  liquids,  fits  the  air  for  its  nume- 
roas  atmospheric  functions.  It  becomes  thus  a 
springy  yielding  medium,  though  which  the  feeblest 
insect  and  largest  bird  may  wing  their  way,  with 
well  adjusted  buoyancy  and  speed  ;  in  which  every 
form  of  pulmonary  organ  may  find  its  appropriate 
exercise.  As  the  elastic  vehicle  of  sound,  it  is  the 
medium  of  speech  and  music  ;  thus  enabling  innu- 
merable orders  of  animal  beings  to  maintain  the 
social  intercourse  prompted  by  their  mutual  wants 
and  inclinations. 

The  dogmatists  of  Greece,  and  their  scholastic 
followers,  pronounced  air,  water,  earth,  and  fire,  to 
be  the  four  elements,  out  of  which  every  form  of 
material  being  is  composed.  Experimental  research 
has  dissipated  these  illusions.  Fire  alone  retains 
with  the  chemist,  any  pretensions  to  elementary 
rank,  and  even  these  are  untenable.  Air  is  by  no 
means  simple  in  constitution,  but  complex,  in  sub- 
serviency to  its  manifold  functions.  It  consists,  in 
the  first  place,  of  two  main  constituent  principles, 
azote  and  oxygen,  which  are  blended  in  the  pro- 
portion  of  79  measures  of  the  ftrst,  and  21  of  the 
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second.  In  lOOO  parts,  moreover,  one  part  of  car- 
bonic acid  gas  may  be  reckoned.  Each  of  these 
constituents  has  specific  duties  to  perform,  towards 
animate  and  inanimate  nature.  Thus  the  seemingly 
inactive  azote,  dilutes  the  oxygen  to  a  proper  pitch 
for  respiration  and  combustion.  Did  the  latter 
element  act  alone,  it  would  make  animal  existence 
a  short-lived  fever,  and  every  fire  a  fiirnace,  in  which 
not  merely  common  fuel,  but  even  metals  would 
burn.  The  active  uses  of  azote,  in  this  scene  of 
being,  are  as  yet  but  imperfectly  explored.  The 
substance  of  all  animal  bodies  is  replete  with  it,  in 
a  concrete  state  ;  and  yet  we  cannot  tell  by  what 
channel,  or  from  what  source,  it  is  introduced.  In 
the  food  of  the  elephant,  the  horse,  and  the  ox, 
science  has  not  hitherto  discovered  the  origin  of  that 
vast  quantity  of  the  azotic  element,  which  is  hourly 
assimilated  to  the  solid  and  liquid  texture  of  their 
bodies,  to  repair  what  is  daily  wasted  and  thrown 
off  in  excrementitious  matter. 

In  viewing  the  atmosphere,  as  consisting  of 
oxygen  and  azote,  we  cannot  help  remarking  the 
delicate  equilibrium  of  chemical  proportions  on 
which  the  well-being  of  organic  life,  and  even  the 
whole  aspect  of  Nature,  depend.  Were  the  propor- 
tion of  the  oxygen  or  vital  air  diminished,  breathing 
would  be  laborious,  every  warm-blooded  animal 
would  become  asthmatic,  and  coal  would  not  cheer 
the  domestic  hearth.  On  the  other  hand,  were  the 
proportion  of  the  vital  ingredient  doubled,  that  is, 
instead  of  1  of  it  to  4  of  azote,  as  at  present,  were 
there  3  to  4-,  the  temperate  breath  of  \ve&ven<ctv\^\. 
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suddenly  xAinnsge  into  an  atmosphere  of  intoxicating 
gas;  for  these  are  the  chemical  proportions,  and 
sole  constituents  of  this  curious  air.  Were  the  bulk  of 
oxygen  quadrupled,  so  that  its  quantity  should  equal 
that  of  the  azote,  a  most  noxious  air  called  nitrous 
gas  (deutoxide  of  azote)  might  result ;  a  gas  which, 
with  an  additional  charge  of  oxygen,  would  con- 
dense into  an  ocean  of  Aqua  Fortis,  or  Nitric  Acid* 
A  slight  modification  of  chemical  affinity,  would 
convert  even  our  existing  atmosphere  into  the  most 
corrosive  of  liquids ;  a  result  which  the  Hon.  Mr. 
Cavendish  many  years  ago  produced,  by  merely 
transmitting  electric  explosions  through  a  small  por- 
tion of  common  air.  But  science  shows  that  the 
chemical  equilibrium  of  the  atmospheric  elements, 
is  fixed  by  the  same  Beneficent  Wisdom,  which  con- 
fines the  turbulent  ocean,  by  an  apparently  slender 
barrier  of  sand. 

The  atmosphere  contains  another  constituent  of 
great  importance,  aqueous  vapour,  on  which  many 
of  its  most  valuable  properties  depend.  In  raising 
this,  it  becomes  the  purifier  of  the  ocean  waves,  and 
tiieir  distributor  over  the  dry  land,  thence  generating 
in  the  sky,  clouds,  rain,  snow,  hail,  and  dew,  which  by 
their  deposition  on  the  earth,  give  origin  to  fresh 
water  springs,  rivers,  and  lakes,  all  indispensable  to 
the  sustenance  of  animal  and  vegetable  life.  The 
contemplative  author  of  the  Book  of  Job  was  deeply 
affected  with  these  jmeteoric  wonders.  "  He  bindeth 
up  the  waters  in  his  thick  clouds,  and  the  cloud  is  not 
rent  under  them."  Moses  has  accurately  described 
thisgrstnd  function  of  the  atmosphere :  "  And  God 
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said»  Let  there  be  a  firmament  in  the  midst  of  the 
waters,  and  let  it  divide  the  waters  from  the  waters. 
And  God  made  the  firmament,  and  divided  the 
waters  which  were  under  the  firmament,  from  the 
waters  which  were  above  the  firmament;  and  it 
was  so.  And  God  called  the  firmament  Heaven. 
And  the  evening  and  the  morning  were  the  second 
day."— ^ewe^w,  i.  6,  7>  8. 

How  perfectly  does  his  order  of  elementary 
development  accord  with  every  principle  of  Natural 
Science !  The  most  elastic  medium,  (called  some- 
times in  popular  language,  the  ethereal  and  impon- 
derable  element,)  in  which  light,  heat,  and  electricity 
seem  to  reside,  first  sprung  forth ;  and  next  the 
weighty  and  less  elastic  fluids  or  gases  were  evolved. 
The  Mosaic  arrangement  is  in  fact  that  now  adopted 
by  chemical  philosophers. 

Were  the  surface  of  the  earth  of  uniform  temper- 
ature throughout,  and  not  chequered  with  water, 
the  Atmosphere  would  every  where  be  equal  in 
height,  density,  ajid  elasticity ;  but  this  density 
would  necessarily  decrease  with  the  decreasing 
pressure,  in  proportion  as  the  weight  of  the  supe-* . 
rior  columns  were  removed,  in  a  geometrical  ratio 
to  arithmetical  heights,  as  already  described.  The 
average  weight  of  the  atmosphere  is  measured  by 
a  column  of  mercury  30  inches  high ;  which  column, 
an  inch  in  area,  weighs  14  pounds  and  seven-tenths. 
At  the  temperature  of  SQ^  F.,  mercury  is  10500 
times  denser  than  air ;  therefore  if  10500  be  mul- 
tiplied by  30  inches  or  2y  feet,  the  product  26250 
feet  will  represent  the  height  of  a  Kottvo^eiv^owi^ 
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atmosphere,  supposed  of  equal  density  above  and 
below.  But  since  the  atmosphere  is  progressively 
attenuated,  as  it  recedes  from  the  earth,  its  temper- 
ature progressively  sinks  by  its  enlarged  capacity 
for  heat  The  amount  of  this  refrigeration  is  about 
one  degree  Fahr.  for  every  hundred  yards  of  ascent. 
And  as  the  air  contracts  in  volume,  by  decrease  of 
temperature,  the  lengtli  of  the  superior  columns' 
will  thus  be  diminished. 

On  the  supposition  of  an  unchanging  tempera^ 
ture,  the  mercury  of  a  barometer  would  fall  from 
30  inches  to  20 J,  by  carrying  it  to  the  top  of  Mtaa^ 
or  10000  feet  high  ;  but  in  the  actual  predicament 
of  an  atmosphere  condensed  in  the  uj)per  regions 
by  cold,  the  equipoising  mercurial  column  would 
fall  to  about  19  inches  at  the  same  elevation.  If 
the  surface  of  the  earth  acquire  a  higher  tempera- 
ture than  that  stated  above,  suppose  48%  the 
atmosphere  will  expand  and  be  elongated  through- 
out, so  that  on  the  top  of  ^tna,  a  greater  weight 
of  air  will  rest,  so  as  to  sustain  the  mercury  there, 
at  19  inches  and  ^.  If  the  terrestrial  temperature 
increase  progressively  from  the  poles  to  the  equa- 
tor, then  the  atmospheric  altitude  will  also  increase 
from  the  first  to  the  second  position,  fonning  an 
inclined  plane  on  its  summit,  instead  of  a  curve 
concentric  with  our  spheroid.  Calling  the  thermo- 
metric  degree  80  at  the  equator,  and  0  at  the  poles, 
the  barometer  raised  10000  feet  in  the  fonner 
region,  wiU  still  be  pressed  by  a  residuary  weight 
equal  to  19  inches  and  fully  J  of  mercury  ;  while 
in  the  latter,  it  will   sustain  only  18  inches  and 


'  CONSTITUTION  OF  A  DRY  ATMOSPH£R£«  S) 

about  a  half.  In  the  circumpolar  latitudes,  the 
portion  of  the  aerial  columns  near  the  surface  of 
the  earth,  liaving  a  greater  specific  'gravity,  than 
the  lower  strata  towards  the  tropics,  will  displace 
the  latter,  and  cause  a  current  towards  the  equa- 
tor ;  but  at  greater  elevations,  the  circumpolar 
atmosphere  will  be  more  attenuated,  and  will  give 
way  to  the  other,  whence  a  counter-current  towards 
the  poles  will  ensue.  Hence  a  perpetual  circula- 
tion is  maintained ;  the  colder  air  in  our  hemisphere 
flowing  southward  below,  and  the  warmer  air  north- 
ward above,  thus  tending  to  equalise  the  aerial 
temperature  over  the  globe. 

By  the  revolution  of  the  eartli  on  its  axis,  the 
various  points  of  its  surface  move  eastwards  with  a 
velocity  proportional  to  their  respective  distances 
from  the  poles,  where  the  motion  is  =  0.  At  the 
equator  the  velocity  is  1037  miles  per  hour  =  ^  *  °^  ^ ; 
and  at  every  degree  distant  from  this  circle,  it  may 
be  found  very  nearly  by  multiplying  the  number 
1037  by  the  cosine  of  the  latitude.  The  atmo- 
sphere incumbent  on  any  region,  participates  (when 
apparently  at  rest)  in  this  eastward  motion  ;  and 
therefore  the  air  over  a  northern  circle  of  latitude, 
in  passing  towards  a  southern,  retaining  by  iner- 
tia, its  smaller  velocity  of  rotation,  wiU  seem  to 
linger,  as  it  were,  behind  the  aerial  particles,  among 
which  it  enters,  and  have  the  effect  of  a  current 
from  the  west.  Thus,  also,  by  composition  of 
motion,  an  impulsion  towards  the  south-west  will 
result,  constituting  what  is  called  the  trade  wind. 
In  the  southern  hemisphere,  this  vj'md  wvS\,  fet  '^ 
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like  reason,  blow  towards  the  north-west.  Tlie 
currents  in  the  higher  regions  of  the  atmosphere  in 
receding  from  their  source  at  the  equator,  will  tend 
to  retain  also  by  inertia  their  primitive  velocity  of 
rotation,  and  hence  will  strike  the  aerial  particles 
among  which  they  flow  with  a  south-easterly 
impulse  in  the  northern  hemisphere,  and  a  north- 
easterly in  the  southern.  But  getting  cooled,  in 
their  progress,  they  will  become  heavier  and 
descend,  checking  to  a  certain  degree  the  ex-polar 
currents  below. 

We  must,  moreover,  consider  the  successive 
action  of  the  sunbeams  on  the  surface  of  the  revolv- 
ing sphere.  By  this  cause,  each  meridian  from 
east  to  west,  has  its  incumbent  stratum  of  air  suc- 
cessively rarefied,  so  as  to  carry  round  a  current 
with  the  apparent  motion  of  the  sun.  The  amount 
of  this  motion  is  to  be  added  to  the  former.  Navi- 
gators tell  us  that  the  trade  winds  in  the  Atlantic 
and  Pacific  Oceans,  extend  to  about  28  or  30 
degrees  of  latitude  on  each  side  of  tlie  Equator, 
within  which  limits,  curious  modifications  from  local 
causes  occur. 

In  these  trade  winds,  the  higher  clouds  are  very 
seldom,  if  ever,  observed  to  move  in  tlie  direction 
of  the  wind  below,  but  usually  in  the  opposite.  On 
the  top  of  the  Peak  of  Teneriife,  the  wind  blows 
for  the  most  part,  so  strongly  from  the  south-west, 
that  a  person  finds  difficulty  in  standing  upright, 
against  the  breeze. 

We  must  now  consider  the  gaseous  infiueucc 
which  water  would  exercise. 
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Calling  its  dastic  force,  in  round  numbers,  one- 
fifth  of  an  inch  at  the  freezing  point  of  water,  on 
llie  surface  of  the  globe,  then  at  a  height  of  dOOOO 
fe^  its  force  would  be  one-tenth  of  an  inch,  cor- 
responding to  a  constituent  temperature  of  15^  F, ; 
suppoi^ng  no  atmospheric  air  to  exist.  An  increase 
of  warmtii  upon  the  earth  would  give  a  higher  con- 
stituent point  for  the  vapour,  and  more  water 
would,  of  course,  rise  in  exhalation,  but  none  would 
be  deposited  as  long  as  there  existed  no  inequality 
of  temperature  on  the  terrestrial  surface.  But  with 
a  decrease  of  heat  from  the  equator  to  the  poles, 
the  water  would  rapidly  distil  from  the  hottest  to  4 
the  coldest  place,  by  a  constant  ebullition  in  the 
former,  as  in  the  vacuum  of  an  air  pump,  or  in  the 
exposed  bulb  of  a  Cryophorus.  The  equilibrium 
of  V  the  ocean  would  be  maintained  by  refluent 
streams  of  water  from  the  circumpolar  r^ons. 

Supposing  the  equatorial  temperature  80°,  the 
Vigour  would  have  then  the  corresponding  tension 
of  1  inch,  at  the  surface,  and  fully  i  at  the  height 
of  30,000  feet.  Both  its  elastic  force  and  specific 
gravity,  ^e  thus  increased  throughout  the  length 
of  its  column,  giving  rise  to  a  pressure  against  the 
ccdder  circumpcJar  columns.  Since  the  elasticity 
of  vs^our  increases  nearly  in  a  geometrical  progres- 
sion for  equal  increments  of  heat,  the  decrease  of 
temperature  in  ascending  in  such  a  vaporous  atmo- 
sphere,  will  be  ^mply  in  an  arithmetical  progres- 
sion. The  diminution  is  very  nearly  three  degrees, 
for  every  rise  of  5000  feet. 

Under  these  drcumstances,  the  ec\ualoTva\t^^<Q«v^ 
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would  remain  perfectly  trans{>arent,  while  rain 
would  fall  in  every  colder  zone,  in  proportion  to 
the  densities  at  the  respective  places,  and  the 
decrease  of  temperature  at  the  surface.  Thud  a 
circulation  of  vapour  and  water  would  be  main- 
tained, like  the  cohobation  of  the  ancient  chemists. 
Such  would  be  the  condition  of  an  aqueous  globe 
unprovided  with  a  gaseous  atmosphere,  and  un- 
equably  heated. 

Let  us  next  suppose  that  the  heat  in  the  upper 
regions  diminishes  (as  happens  from  aerial  rarefac- 
tion) more  rapidly,  than  is  due  to  the  expansion  of 
aqueous  vapour  alone.  If  the  heat  of  the  water  on 
the  surface  of  the  sphere  be  80^  F.  while  at  5000 
feet  a  temperature  of  64y°  prevails,  "  the  water 
will  have  a  tendency  to  throw  off  vapour  of  the 
same  constituent  heat  as  its  own  temperature  ;  but 
the  pressure  above,  being  rendered  too  little  by  the 
influence  of  the  forced  degree  of  cold,  to  preserve 
the  necessary  elasticity  below,  the  atmosphere  will 
only  possess  the  tension  due  to  the  lower  degree ; 
that  is  to  say,  the  constituent  temperature  of  the 
vapour  will  be  only  67.9°.  Evaporation  must, 
therefore,  ensue  below,  and  its  concomitant  preci- 
pitation will  take  place  above.  The  consequence 
of  this  situation  of  things  must  be,  that  a  cloud  will 
be  formed  at  the  height  which  has  been  named : 
for  the  atmosphere  will  be  forced  upwards  by  the 
nascent  vapour  below,  and  wUl  be  condensed  at 
this  point.  The  cloud,  however,  supposing  the 
process  to  be  sufficientiy  gradual,  would  not  extend 
very  far  downwards,  for  the  water  during  its  pre- 
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cipitation,  would  be  redissolved  by  the  excess  of 
heat  in  the  lower  regions,  so  that  these  might 
remain  transparent  and  undisturbed.  The  temper- 
ature would  be  slowly  equalized,  and  the  balance 
of  force  restored.  .'  .  .  The  upper  regions, 
upon  this  supposition,  remain  clear,  for  there  the 
r^ular  gradation  is  undisturbed.'** 

The  simple  case  of  a  sudden  decrease  of  heat  at 
one  stage  of  altitude  in  the  atmosphere,  by  which 
condensation  or  cloud  was  produced,  has  been  con- 
sidered. We  wUl  next  suppose  that  the  rapid 
decrease  of  temperature  continues  throughout  the 
column,  nearly  as  happens  in  our  atmospheric  air, 
and  that  at  the  following  stages  of  its  height,  the 
vapour  is  consequently  forced  to  adapt  itself  to  the 
following  progression : 

[Height  in  feet,    0»    5000      10000     15000     20000     25000     SOOOO 
Temperature,   80»  64.4*»       48.4«»       3 1.4"       12,8»     — 7.6*»  — 30.7«> 

The  elasticity  could  not  then  exceed  0.043  of  an 
inch  upon  the  surface :  the  evaporation,  if  unob- 
structed by  the  inertia  of  the  incumbent  aerial 
particles,  would  consequently  be  excessive,  and  its 
force  would  almost  amount  to  explosive  violence ; 
while  the  condensation  above  would  be  commen- 
surate, precipitating  the  water  in  tornadoes.  But 
the  resistance  opposed  by  the  inertia  of  the  atmo- 
spheric air,  modifies  these  consequences  in  a 
singular  manner.  Thus  the  condensation  takes 
place  gradually,  and  at  different  heights ;  and  the 

•  Dani^rB  Meteorol  Essays,  2d  Ed.  \>.  SI. 
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moisture  falling  gradually,  back  into  the  excess  of 
heat  below,  is  converted  into  vapour  of  greater 
force,  which  pressing  more  upon  the  inferior  strata, 
proportionately  augments  their  densities. 

The  particles  of  aqueous  vapour,  in  penetrating 
the  interstices  of  the  permanently  elastic  air,  expe* 
rience  the  same  sort  of  retardation,  as  water  does 
in  percolating  through  the  pores  of  sand.  As  soon 
as  the  equilibrium  of  air  and  vapour  is  thus  attained, 
the  mutual  action  ceases,  and  the  particles  of  each 
press  only  upon  those  of  their  own  kind.  We  may 
therefore  contemplate  the  mixture,  either  as  con- 
sisting of  constituent  particles  in  balanced  repose, 
or  seeking  this  state  by  means  of  intestine  motion. 

The  following  table  of  Mr.  Daniell  shows  the 
small  quantity  of  vapour,  which  could  exist  in  an 
atmosphere  of  air,  supposing  it  saturated  with 
vapour  throughout : — 


Height. 

0 
5000 
10000 
15000 
20000 
25000 
30000 


TempovtuTe. 

IT 
61 

45 

27..5 

9.3 

—11.0 

—35.0 


EhuticilT. 

• 

0.910 

0.542 

0.316 

0.171 

0.088 

0.042 

0.016 


The  average  quantity,  therefore,  of  the  vapour  to 
this  height  could  not  exceed  0.297  (=:H^)  of  an 
inch  of  barometric  pressure,  equal  to  4  vertical 
inchas  of  water,  were  it  all  precipitated  at  once  on 
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the  surface  of  the  earth.  We  must  no  doubt  con- 
sider that  the  altitude  given  above,  comprises  only 
two-thirds  of  the  practical  height  of  our  atmosphere ; 
the  remaining  third  may,  however,  without  any  risk 
of  error,  be  considered,  from  the  lowness  of  its 
temperature,  as  totally  free  from  water.  Indeed, 
at  30,000  feet,  the  quantity  is  scarcely  appreciable. 
Therefore  the  mean  pressure,  diffused  through  45000 
feet,'  would  be  reduced  to  about  one-fifth  of  an 
inch,  which  would  raise  the  barometer  only  from 
30  inches  to  30.2  in  the  atmosphere  surrounding 
a  sphere  of  the  temperature  of  77"^*  by  a  change 
from  absolute  dryness  to  perfect  moisture. 

The  transition  into  cloud  of  the  invisible  aqueous 
vapour  diffused  in  the  air,  occurs  whenever  the 
atmospheric  temperature  coincides  with  the  dew 
point.  This  point  may  be  most  elegantly  and  pre- 
cisely determined  by  Mr.  Daniell's  hygrometer. 
It  appears  from  experiments  with  this  instrument, 
that  the  elastic  force  of  aqueous  vapour  does  not 
diminish  progressively  with  the  progressive  diminu- 
tion of  the  temperature  of  the  air,  in  its  upper 
regions,  but  that  the  elasticity  of  the  vapour  con- 
tinues nearly  unimpaired  through  a  great  range  of 
elevation,  after  which  it  suddenly  encounters  the 
dew  point,  and  consequently  a  cloud  is  formed^ 
If  the  vesicular  water  constituting  this  cloud, 
descends  by  gravity  a  very  little  way,  it  comes  once 
more  within  the  influence  of  a  temperature  higher 
than  the  dew  point,  and  necessarily  resumes  the 
invisible  condition.  In  this  way,  the  under  surface 
of  the  nebulous  stratum  becomes  nearly  coxveetslTvc 
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with  the  surface  of  the  subjacent  plane.  Above 
this  first  range  of  clouds,  the  dew  point  stands 
much  lower,  (the  air  being  now  stripped  of  much 
of  its  moisture,)  and  hence  another  considerable 
body  of  air  must  be  passed  through,  before  a  temi- 
perature  sufficiently  low,  be  arrived  at,  to  cause  a 
second  deposition  of  clouds.  These  must  likewise 
be  slighter  than  the  first.  We  can  thus  readily 
understand  the  causes  of  the  alternate  strata  of 
clouds  and  clear  air,  which  often  diversify  the  sky 
in  serene  weather.  We  may  also  comprehend  how 
in  stormy  weather,  a  solitary  cloud  sometimes  stands 
stationary  over  a  mountain  top,  while  myriads  of 
other  clouds  drift  past  it  with  the  gale.  An 
observer  on  the  summit,  feels  the  vesicular  particles 
of  the  seemingly  fixed  cloud,  sweej)ing  past  him 
with  great  velocity,  and  discovers  the  stationary 
aspect  which  it  exhibited  below,  to  be  illusory. 
The  inferior  beds  of  air,  are  relatively  warmer,  and 
moisten  They  dash  against  the  sloping  side  of  the 
mountain,  are  reflected  up  into  the  plane  of  conden- 
sation, where  they  give  out  their  excess  of  water 
in  the  vesicular  form.  Above  the  cooling  influence 
of  the  mountain  top,  the  air  is  not  depressed  to  the 
dew  point  of  its  constituent  vapour,  and  hence  it 
continues  clear. 

The  dew  point,  however,  often  suddenly  shifts, 
from  a  higher  to  a  lower  degree,  and  vice  versa, 
from  causes  ill-understood  ;  most  probably  con- 
nected with  electrical  changes. 

Had  not  a  firmament  of  permanently  elastic 
^uid  been  called  into  being,  the  aqueous  vapours 
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rising  from  the  sub-tropical  seas  would  have  flowed 
in  constant  torrents  of  fog  towards  the  circumpolar 
regions,  by  a  rapid  distillation  ;  the  transfer  being 
effected  by  a  successive  displacement  of  the  inter- 
mediate rows  of  vaporous  particles.  Thus  evapor- 
ation at  the  equator, '  communicating  pneumatic 
pressure  to  that  aqueous  atmosphere,  would  induce 
Speedy  deposition  of  rain,  over  the  arctic  regions. 
By  the  creation  of  the  ur,  however,  a  self-adjusting 
r^^lator  has  been  intixidueed,  to  distribute  the 
atmospheric  waters  in  graduated  quantities.  The 
vapour  thereby  forced  to  wind  Its  way  amid  the 
aerial  particles,  has  to  overcome  considerable  obstruc- 
tion ;  and  its  prc^ess  of  ascent  is  flirther  checked 
by  the  coldness  belonging  to  rarefied  air.  Hence, 
only  partial  nebulosities  can  take  place  in  certain 
planes,  with  clear  intervals  j  instead  of  a  lurid  canopy 
of  doud.  Every  person  indeed  must  have  remarked, 
that  clouds  are  not  always  contined  to  one  atmo- 
spheric level. 

The  aqueous  particles  are  not  suspended  in  the 
atmosphere  by  any  power  analogous  to  that  of  che> 
mical  solution.  There  is  merely  a  mechanical 
mixture  of  particles  in  juxta-position,  a  state  which 
most  probably  represents  the  mixture  of  oxygen, 
azote,  and  carbonic  add  in  the  permanent  atmo- 
sphere. Mr.  Daniel)  has  the  following  just  remarks 
(Ml  this  curious  subject. 

The  constancy  of  the  proportions,  in  which  these 
gases  are  found  to  be  combined  in  every  situation, 
notwithstanding  perpetual  causes  of  disturbance,  is 
the  never  failing-  theme  of  wonder.    If  N*e  sa^-^tsaa 
a  consumption  of  the  oxygen  to  taVe  i^\ace,  \>^  ^% 
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decomposition  of  the  atmosphere,  and  carbonic  acid 
added,  as  in  the  process  of  combustion,  at  any  given 
spot,  in  what  way  is  chemical  affinity  to  act,  so  as 
to  restore  the  uniformity  of  the  compound  ?  No 
new  evolution  of  oxygen  takes  place,  and  it  cannot 
be  supplied  by  the  contiguous  portions ;  for  we  can 
never  suppose  the  affinity  of  azote  for  oxygen  to  be 
satisfied,  by  the  decomposition  of  an  adjoining  mass 
of  azote  and  oxygen,  held  together  by  the  same 
affinity.  But,  if  the  oxygen  and  azote  be  two  dis- 
tinct elastic  atmospheres,  as  Mr.  Dalton  originally 
suggested,  mutually  permeating  one  another's  inter* 
stices,  the  particles  of  each  pressing  only  upon  their 
fellows,  and  offering  slight  obstacles  to  tlie  motions 
of  the  other  sort,  then  a  partial  consumption  of 
oxygen  would  be  instantly  supplied  by  a  rush  of  this* 
elastic  fluid  towards  the  spot  where  the  equality  of 
pressure  had  been  disturbed.  In  fact,  no  sooner 
does  a  particle  of  oxygen  quit  the  azote,  and  enter 
into  a  new  combination,  than  the  rows  of  particle9 
by  which  it  was  pressed  all  around,  speedily  supply 
its  place.  The  same  reasoning  may  be  applied  tp 
the  carbonic  acid,  so  profusely  generated  in  com*- 
bustion  and  respiration  ;  for  if  not  rapidly  dispersed, 
a  city  would  be  uninhabitable  in  still  weather. 

The  tension  of  vapour,  which  rises  in  evaporation, 
is  determined,  not  by  the  temperature  of  the  evapo- 
rating surface,  but  by  the  elastic  force  of  the  pre- 
existing  aqueous  atmosphere.  This  proposition  has 
been  experimentally  proved  by  Mr.  Daniell,  and 
Captain  Sabine.  While  the  sea  breeze  was  blowing 
upon  the  coast  of  Africa,  the  hygrometer  denoted 
the  dew-point  to  be  about  60''  •,  but  v^Vieiv  tVve  >«\s\A. 
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blew  strong  from  the  land,  it  approached  in  its 
characters  to  a  Harmattan  ;  and  the  point  of  preci- 
pitation fell .  to  the  extraordinary  depression  of 
97.5'  i  the  temperature  of  the  air  being  66°.  Hence 
we  see,  that  notwithstanding  the  heat  of  the  eva- 
porating surfaces  in  the  interior  of  that  continent, 
the  sands  of  its  deserts  yield  so  little  vapour,  that 
the  air  becomes  parched. 

As  the  quantity  of  vapour  increases,  the  barometer 
generally  falls,  and  again  rises  with  its  decrease; 
in  the  daily  fluctuations  of  the  weather.  This  fact 
is  irreconcilable  to  the  hypothesis  which  ascribes 
the  rise  and  fall  of  the  mercurial  column  to  the 

'greater  or  less  amount  of  aqueous  particles,  and  is 
in  unison  with  that  which  attributes  them  to  the 
nnequal  expansion  of  balancing  currents  of  air,  the 
main  source  of  which  is  the  fluctuation  of  the  elastic 
vapour  itself. 

The  dew-point,  of  which  so  much  has  been  said, 
may  be  found  for  many  purposes,  by  filling  a  turn-  ■ 
bier  with  cold  water,  and  noting  its  temperature  at 
the  instant,  when  in  the  progress  of  heating,  it 
ceases  to  condense  dew  on  its  surface^  To  mark 
thi»  instant  with  precision,  requires  close  watching 
and  frequent  wiping  with  a  towel ;  inconveniences 
from  which  Mr.  Daniell's  hygrometer  is  free.  The 
higher  the  temperature  at  which  dew  continues  to 
appear,  the  more  moisture  exists  in  the  atmosphere ; 
or  the  less  the  water  needs  to  be  cooled  below  the 
temperature  of  the  air,  in  order  to  cause  the  dewy 
deposit,  the  greater  chance  there  is  of  rain.  Whea 
the  dew  appears  on  a  glass,  very  s\\g\\t\7  tetrv^x. 

Mted,  it  IB  evident  that  the  aqueous  \apo\it  vtv  'ficvt 
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air  is  ready  to  come  forth  spontaneously.  In  this 
circumstance,  should  the  temperature  of  the  air 
sink  a  very  few  degrees,  rain  will  inevitably  falK 
To  what  extent,  however,  it  is  more  difficult  to  deter- 
mine ;  for  we  often  observe  the  air  pouring  down  a 
heavy  shower  one  moment,  and  so  dry  as  to  absorb 
moisture  the  next. 

The  earth  is  thus  surrounded  with  two  distinct 
atmospheres,  mechanically  mixed.  The  vapour  or 
condensable  elastic  fluid,  struggles  to  rise  in  a 
medium,  whose  heat  decreases  by  expansion,  at 
a  much  more  rapid  rate  than  its  own ;  whence 
it  is  condensed  in  vesicular  strata  in  the  upper 
regions.  Its  latent  heat  is  disengaged  in  the  con- 
densation, and  imparted  to  the  air ;  thus  tending 
to  temper  the  inequalities  of  the  medium  in  which 
it  moves,  and  to  constrain  it  to  its  own  law.  This 
process  must  evidently  disturb  the  equilibrium  of 
the  aerial  fluid,  by  modifying  its  temperature  and 
density.  The  system  of  atmospheric  currents  is 
also  affected  by  the  unequal  expansion.  The  air 
at  the  surface  of  the  globe  is  usually  far  from  the 
term  of  aqueous  saturation,  in  consequence  of  the 
condensing  influence  of  the  cold  strata  above. 
Thus  the  current  of  vapour  which  is  constantly 
moving  from  the  hotter  to  the  colder  regions,  may 
pass  from  the  equator  to  the  poles,  without  pro- 
ducing that  condensation  in  mass,  which  would 
otherwise  have  clouded  the  whole  depth  of  the 
atmosphere,  with  precipitating  moisture.  The  clouds 
are  thereby  confined  to  parallel  and  nearly  horizontal 
planes^  with  intervening  clear  spaces.  The  mecha- 
nical  influence  of  each  fluid  being  pioipottvoxvA  \.o 
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.  its  elasticity,  that  of  vapour  compared  with  air,  caa 
never  at  most  exceed  the  ratio  of  1  to  30;  so  that 
the  general  character  of  the  mixed  atmosphere,  is 
derived  from  the  permanently  elastic  constituent. 
This  controls  and  distributes  the  other  by  its  move- 
ments. An  important  re-action,  however,  takes 
place.  By  gradual,  but  almost  insensible  expansions, 
the  equipoised  strata  of  the  atmosphere  are  dis- 
turbed, storms  arise,  which  agitate  the "  mighty 
ocean,  and  prevent  that  stagnation  of  air  and  water, 
which  would  prove  injurious  to  organic  beings. 
But  the  disturbing  forces  contain  the  elements  of 
counteraction ;  and  the  tempest  soon  exhausts  its 
resources,  and  leads  in  a  calm. — DanielVs  Essays. 

'  Thus  we  perceive,  that  the  mechanism  ordained 
by  Infinite  Wisdom,  "  to  divide  the  -waters  which 
are  under  the  Jirmament,Jrom  the  waters  which  are 
above  the Jirmament"  is  inferior  to  none  of  those 
refined  and  beautiful  adaptations  which  lie  most 
obvious  to  human  sight,  m  the  kingdoms  of  life,  or  ' 
in  the  starry  heavens.  But  for  this  delicate  adjust- 
ment of  conflicting  elements,  the  clouds  and  con- 
crete vapours  would  have  obscured  the  sky,  to  an 
indelinite  distance,  concealing  for  ever  the  glorious 
orbs  which  circulate  in  celestial  space. 

On  a  subject  so  transcendent  and  mysterious  as 
the  state  of  the  new  bom  atmosphere,  it  becomes 
not  man  to  dogmatise.  It  is,  therefore,  in  perfect 
humility,  that  I  ofier  the  following  suggestions. 
No  cause  hitherto  operated,  that  we  can  assign, 
why  the  sub-aqueous  globe  should  possess  any  dif- 
ference of  temperature  at  its  equa.toT  and,  ."^tAes.. 
Even  those  who  believe  titat  the  cteatVou  o?  \\^V^ 
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implies  the  creation  of  the  siin,  suj)])()se  thai  Ins 
beams  could  not  penetrate  to  the  terrestrial  sphere 
on  account  of  the  dense  vapours  wliich  still  involved 
it.  Mr.  Daniel],  in  his*  35th  table,  represents  very 
faithfully,  I  believe,  the  condition  of  an  atmosphere 
of  air,  to  which  vapour  was  admitted  from  a  sphere 
of  equal  temperature  covered  with  water.  ""A 
perpetual  struggle,'*  says  he,  **  would  ensue  between 
the  temperature  due  to  the  density  of  tlie  air;  and 
the  constituent  temperature  of  the  vapour,  d^con^- 
panied  by  perpetual  evaporation  below,  and  .simul- 
taneous condensation  above.  No  winds  or  lateral 
currents  woidd  be  established,  but  an  increasing 
circulation  in  a  vertical  direction." 

On  the  gathering  of  the  waters  into  one  place, 
and  the  appearance  of  the  dry  land,  the  cause  of 
the  universal  cloud  which  veiled  nature  being 
removed,  its  face  shoidd  have  been  now  cheered 
partially  at  least,  with  the  sun's  beam,  had  his  orb 
been  invested  with  luminiferous  influence.  But 
it  was  not  so  :  for  another  day  elapsed,  before  the 
Sun,  Moon,  and  Stars,  were  set  as  lights  in  the 
finnament. 

We  cannot  conclude  this  chapter,  without  advert- 
ing again  to  tlie  pliilosophical  precision  with  which 
Moses  has  defined  the  main  function  of  the  firma- 
ment— to  separate  the  waters  from  the  waters  ;  ages 
before  Philosophers  had  any  idea  of  the  mechanism 
of  clouds.  This  has  at  length  been  liappily  deve- 
loped bv  Mr.  Daniell. 
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CHAP.  IV.— PRIMEVAL  LAND  AND  OCEAN. 

Circumstances  which  wUl  transpire  in  the  progress 
of  our  researches,  cause  me  to  assign  a  different  pro- 
portion between  the  dry  and  humid  surface  in  the 
Primeval  Globe,  from  that  which  now  prevails.  I 
am  led  to  conclude,  that  the  area  of  the  land  bore 
to  that  of  the  water,  probably  the  ratio  of  equality, 
instead  of  nearly  100  to  365,  as  at  present.  One 
obvious  consequence  of  this  condition  was,  that  the 
depth  of  the  Primeval  ocean  was  greater^  as  its 
superficial  expanse  Was  less.  By  this  means,  the 
water  came  into  far  deeper  and  more  extensive 
contact  with  those  ignited,  combustible,  and  explo- 
sive  materials,  which  the  phenomena  of  mines  and 
volcanoes,  demonstrate  to  exist  within  the  crust  of 
the  globe. 

We  learn  from  Physical  Astronomy,  that  the 
only  form  compatible  with  an  universal  difiusion  of 
waters  round  a  revolving  globe,  is  an  oblate  spheroid 
of  certain  dimensions.  To  the  equilibrium  of  a 
fluid  mass,  thus  difiused,  it  is  necessary  that  any 
two  columns  reaching  to  the  surface  from  any  point 
within, the  fluid,  should  balance  one  another,  or 
should  press  equally  on  that  point.  This  equili* 
brium  of  the  columns  will  take  place  in  a  mass  of 
homogeneous  fluid  revolving  round  an  axis,  if  it  be 
formed  into  an  oblate  spheroid,  such  that  the  polar 
semi-axis  is  to  the  radius  of  the  equator,  as  the 
attraction  at  the  equator  diminished  by  the  centri- 
fugal force  at  the  same  place,  to  tVie  atta^e^ow  %.V 
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I  III'  pole*  A  liomogcncous  Huid  of  the  same  mean 
cliMisity  with  the  earth,  and  revolving  on  an  axis  in 
the  space  of  23  hours  56'  4"  of  solar  time,  as  it  does, 
would  be  in  equiUbrio^  •  if  it  had  the  figure  of  an 
oblate  spheroid,  of  which  the  polar  axis  was  to  the 
equatorial  diameter  as  2S9  to  230.  This  is  accord- 
ingly the  figure  which  Newton  gives  to  the.earth. 
Est  igitur  diameter  ieme  secundum  equatorem^  ad 
ipsius  diametrum  per  poloSy  ut  230  ad  229»  Prin.  L. 
iii.  prop.  1 9.  But  if  th^  mass,  supposed  to  revolve 
on  its  axis,  be  not  homogeneous,  but  be  composed  of 
strata  that  increase  in  density  towards  the  centre ; 
the  figure  of  equilibrium  will  still  be  an  elliptic 
spheroid,  but  of  less  oblateness,  (less  compressed  at 
the  poles,)  than  if  it  were  homogeneous.  This  is 
the  predicament  more  nearly  of  the  earth,  whose 
ellipticity  is  about  -gla* 

But  there  are  actually  considerable  irregularities 
on  the  surface  of  the  earth,  so  that  the  spheroid 
which  agrees:  best  with  the  degrees  measured  in 
France,  is  one  having  an  ellipticity  of  y—  ;  nearly 
double  of  what  may  be  accounted  the  mean  ellip- 
ticity. These  irregularities  of  shape  consist  in  an 
unequal  magnitude  and  density,  of  the  great  moun- 
tain masses  and  table  lands,  now  standing  above  the 
waters; 

But  the  form  of  the  terrestrial  ball  was  the  regular 
spheroid,  while  it  lay  enveloped  in  the  shore- 
less deep.  "  And  God  said.  Let  the  waters 
under  the  heaven   be  gathered  unto  one  place, 

♦  Maclaurin's  Fluxions,  Vol.  11.  }  636—641. 
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and  let  the  dry  land  appear.     And  it  was  so.** — 
Qenesis^  i.  9. 

In  attempting  to  search  into  the  secondary  causes 
which  may  have  been  called  into  action,  when  the 
channel  of  the  sea  was  hollowed  out,  and  the  moun- 
tains were  upheaved  from  the  abyss,  it  behoves  ^  us 
to  walk  with  the  most  humble  circumspection.  A 
cosmogonist  has  said,  ^^  that  man  who  has  weighed 
the  planets  and  measured  their  distances,  may  pre- 
sume to  trace  the  operations  by  which  the  surface 
of  the  globe  was  arranged.**  The  reproach  of  pre- 
sumption will  indeed  be  incurred,  if  we  do  not 
travel  closely  in  the  inductive  path.  We  must, 
above  all,  beware  lest  we  be  misled  by  such  a  vague 
analogy,  as  that  offered  in  the  preceding  quotation. 
The  diameters,  densities,  and  movements,  of  the 
planets,  are  present  objects  of  measurement,  as  we 
remarked  in  the  Introduction.  Man  may  accurately 
observe  the  whole  series  of  changes  through  which 
they  run,  and  from  his  observations,  compute  their 
weights  and  distances  by  a  rigid  geometry.  But  , 
he  was  not  permitted  to  witness  the  series  of  changes 
through  which  the  materials  of  our  earth,  have 
passed,  in  attaining  their  actual  arrangement,  and 
thus  the  Cosmogonist  wants  data  of  kindred  cer- 
tainty, with  those  possessed  by  the  Astronomer. 

Multiplied  observations  have  shown,  that  the 
crust  of  the  earth  is  composed  superficially,  or  to  a 
moderate  depth  of  certain  stratiform  or  schistose 
rocks,  which  being  devoid  of  organic  remains,  are 
termed  primitive.  We  shall  at  present  confine  our 
attention  to  two  of  them,  called  Gnei^^  axvA.  ^\c;^- 
slate.     These  are  arranged  in  planes  uau^SX^  \^Ma5X^ 
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to  each  other,  the  Mica-slate  being,  for  the  most  part, 
uppermost.  We  have  reason  to  believe,  that  hardly 
any  district  of  the  terrestrial  surface  is  destitute 
of  these  great  slaty  rocks,  though  in  many  places 
they  may  be  deeply  covered  over  with  secondary  for- 
mations, and  therefore  inaccessible.  Gneiss  con- 
stitutes the  body  of  the  Himmalaya  mountains,  sxid 
abounds  among  the  Andes,  Alps,  Urals,  Pyrenees* 
It  formd  also  Ross  island,  the  most  northern  known 
land,  of  the  globe.  Mica-slate  is  nearly  co-exten- 
sive. But  their  wide-stretched  foliated  planes,  are 
seldom  or  never  horizontal,  or  concentric  with  the 
curvature  of  the  earth.  They  usually  lie  at  highly 
inclined  angles,  like  tables  resting  on  their  edges, 
in  a  nearly  vertical  position.  In  very  many  locali- 
ties, vast  irregular  masses  of  Granite,  are  seen  rising 
up  through  the  schistose  fields,  as  if  these  had  been 
upheaved  and  dislocated  by  its  protrusion,  and  were 
thrown  like  mantles  round  its  shoulders  and  base. 

We  therefore  conclude  that  the  primordial  earth, 
as  it  lay  beneath  the  circumfused  abyss,  was  at  first 
endowed  with  concentric  coats  of  gneiss,  mica-slate, 
and  the  other  primitive  schists ;  that  at  the  recorded 
command  of  the  Almighty,  a  general  eruption  and 
protrusion  of  the  granitic,  syenitic,  porphyritic,  and 
other  unstratified  rocks,  took  place,  which  broke 
up  and  elevated  the  cchists  into  nearly  vertical 
planes,  similar  to  what  now  exist,  leaving  commen- 
surate excavations  for  the  basin  of  the  sea. 

In  meditating  on  this  mighty  operation,  though  we 

may  shrink  from  the  overwhelming  scene,  and  feel 

our  faculties  abased,  nay  annihilated  as  it  were,  in  the 

presence  of  that  Power,  "  who  \Aal\\  itvea^vwedL  \>[\^ 
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waters  ia  the  hollow  of  his  hand,  weighed  the  mouD' 
tains  in  scales,  and  the  hills  in  a  balance ;  who  sit- 
teth  upon  the  circle  of  the  earth,  and  stretcheth  out 
the  heavens  as  acurtiain,"  yet  the  magnitude  of  these 
terrestrial  disruptions,  will  create  no  difficulty  in 
the  mind  of  the  Astronomer,  familiar  with  acts  of 
Omnipotence  incomparably  more  stupendous.  Even 
the  geographer  would  smile  at  the  geol<^st,  who 
should  ask  for  Deity  a  countless  lapse  of  ages  to 
build  up  on  the  Earth  its  superficial  scaffolding, 
whose  size  is  to  its  total  bulk,  as  the  roughness  o^' 
the  rind,  to  the  ball  of  the  orange. 

In  treating  of  Primitive  Formations,  in  the  next 
chapter  I  shall  adduce  such  evidence  as  will  render 
the  igneous  origin  of  the  unstratified  rocks,  more 
than  probable,  and  demonstrate  their  agency  in 
upheaving  the  schists,  and  causing  the  earth  to 
deviate  in  many  points  of  its  surface,  from  its  first 
form  of  a  geometrical  spheroid. 

Before  entering  on  tliese  geological  details,  how- 
ever, it  will  be  right  to  consider.the  properties  of 
water,  and  the  creation  of  organic  beings. 

I.  Water. — There  are  few  tilings  endowed  with 
more  marvellous  properties,  or  which  are  less  studied 
and  understood,  than  water.  The  artist,  indeed, 
appreciates  its  value  in  one  respect,  as  an  element 
of  the  picturesque,  capable  of  giving  life  and  splen- 
dour to  the  landscape.  The  lover  of  rural  nature 
is  also  sensible  of  its  charms;  whether  it  murmurs 
in  a  brook,  rolls  in  a  foaming  cataract,  or  expands 
into  the  silvery  mirror  of  a  lake.  Hence  the 
Painter  and  the  Poet  have  vied  with  eac\\  o\^w,  \o 
celebrate  these   emanations    of    creative  Vaxv^wwr. 
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But  higher  and  deeper  thoughts  than  any  which 
external  beauty  c^n  suggest,  fill  the  mind  that  con- 
templates the  internal  constitution  of  this  Protean 
liquid.  Though  in  mass  it  is  incompressible,  and 
able  to  burst  a  passage  through  the  strongest  metal 
or  rock,  yet  its  particles  form  a  fluid  assemblage, 
softer  than  ermine,  and  yielding  to  the  lightest 
touch.  Obedient  to  the  laws  of  gravitation,  it 
enjoys  singular  prerogatives.  Each  invisible  atom 
presses  solely  for  itself,  neither  giving  nor  receiving 
aid  from  its  associates.  It  weighs,  not  only  like 
solids,  from  above  downwards,  but  laterally  and 
upwards,  with  equivalent  gravity.  Possessed  of 
perfect  mobility,  it  never  wearies  in  its  journey,  till 
it  reaches  the  level  plane  of  repose.  Without  shape, 
it  is  susceptible  of  every  figure,  and  the  parent  of 
myriads  of  crystalline  forms.  Capable  of  being 
aggregated  in  an  ocean  mass,  yet  renouncing  its 
cohesive  attraction  before  the  feeblest  power,  it 
becomes  divisible  into  the  rarest  exhalation.  It 
exerts  at  one  time  an  impulsive  force,  nearly  irresist- 
ible, before  which  even  the  mountain  bows  its  head, 
and  crumbles  into  dust ;  and  at  another,  it  gives 
way  to  the  light  canoe.  Just  dense  enough  to  float 
the  pine,  and  afford  a  buoyant  highway  for  ships,  it 
is  rare  enough  to  permit  the  fleetest  motions  of  its 
finny  tribes.  Had  it  been  more  attenuated,  it  would 
not  have  served  the  navigator  ;  and  if  either  denser 
or  rarer,  in  a  very  slight  degree,  fish  could  not  have 
swam  in  it. 

This  water,  by  its  mysterious  tenuity,  loosens  the 

indurated  soil,  enters  the  invisible  pores  of  plants, 

passes  freely  through  all  their  vessek,  e\^^wd^  \tv 
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the  filmy  blossom,  and  is  an  element  of  the  fleeting 
aroma.  But  these  fluid  particles  can  be  chained 
together  in  the  firmest  cohesion :  in  which  state  it 
may  exhibit  either  the  hardness  of  rock,  or  the 
softness  of  eider-down.  Enormous  blocks  of  water 
thus  stand  in  immoveable  columns,  surmounting  the' 
loftiest  pinnacles  of  our  globe.  How  different  are 
these  from  the  soft  insinuating  liquid,  which  is  the 
circulating  medium  of  all  organic  life ! 

.  Let  us  now  search  still  more  minutely  into  the 
mystery  of  water.  In  its  purest  form,  we  view  it 
as  a  compound  of  spherical  atoms  of  oxygen  and 
hydrogen,  not  confusedly  blended,  but  joined  in 
definite  proportions ;  not  placed  in  absolute  contact, 
but  closely  adjoining  each  other  by  select  points  or 
poles  of  slight  mutual  attraction.  Hence  these 
all  glide  over  one  another,  so  as  to  pass  through 
microscopic  orifices,  and  recede  at  the  least  inequa- 
lity of  pressure.  It  is  this  constitution  which  makes 
its  mass  permeable  to  fish  and  floating  bodies.  The 
plain  and  vulgar  element  is  now  «een  to  be  a  most 
artificial  assemblage  of  the  bases  of  vital  and  inflam- 
mable airs ;  substances,  in  their  ijisulated  state, 
endowed  with  no  plain  or  vulgar  properties.  Asso- 
ciated by  chemical  attraction  with  the  element  of 
coal,  the  three  compose  the  concrete  matter  of  the 
vegetable  world,  from  the  heart  of  the  teak  tree,  to 
the  essence  of  the  rose.  If  into  this  triple  alliance, 
be  introduced  azote,  already  spoken  of  as  the  main 
constituent  of  the  atmosphere,  that  fourfold  part- 
nership will  result,  which  constitutes  the  basis  of 
all  animal  substance,  whatever  orgatvvc  ^a^^  \\.  tcvv] 


78     '       BOOK  I.-CHAP.  IV.-LAND  AND  OCEAN. 

iiHSume,  muscle,  tendon,   ligament,   nerve,  blood- 
vessel,  horn,  hair,  brain,  blood,  or  bile. 

From  this  general  account  of  the  mystery  of 
simple  water,  it  appears,  that  a  curious  volume 
might  be- written  on  its  mechanical  and  chemical 
functions.  But  as  it  exists  in  the  ocean,  it  has  a 
more  complex  nature,  corresponding  to  its  complex 
relations  to  different  orders  of  being.  It  id  imbuedt 
first  of  all,  with  saline  ingredients,  which  preserve 
its  liquidity  under  latitudes,  where  the  colds  of 
winter  would  otherwise  have  congealed  it.  But  for 
this  impregnation,  even  Great  Britain  would  have 
been  what  Iceland  now  is.  It  is  the  saline  state 
alone,  which  fits  it  for  the  residence  of  many  fish, 
which  will  not  thrive  in  fresh  water.  Besides  the 
substance  usually  called  salt,  it  contains  many  other 
analogous  compounds,  all  of  which  undoubtedly 
concur  to  beneficial  purposes  in  the  economy  of 
Providence,  though  some  of  them  be  altogether 
undiscernible  by  man.  It  holds  lime  in  the  liquid 
combination  of  a  muriate,  and  perhaps  of  a  sul- 
phate, from  which  the  marine  moUusca  (shellfish) 
extract  that  o^rth,  and  condense  it  in  the  form 
of  a  carbonate,  into  their  testaceous  coverings. 
Whether  the  sea,  from  some  of  its  unfathomed 
caves,  replenishes  itself  with  calcareous  matter,  in 
proportion  as  it  is  abstracted  by  shelly  secretion,  or 
whether  it  is  growing  less  calcareous  from  year  to 
year,  are  questions  for  future  chemistry  to  decide. 
Geology  leads  us  to  believe  that  on  the  Mediter- 
ranean shores,  calcareous  organic  foimations  have 
advanced  with  far  greater  vigour,  at  some  remote 
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epoch,  than  at  the  present  day.  But  as  an  .equal 
activity  now  seems  to  prevail  among  the  West  India 
islands,  and  generally  in  the  intertropical  seas,  the 
decline  in  European  formation  may  most  probably 
be  ascribed  to  the  refrigeration  of  climate,  which  we 
shall  show  to  have  been  produced  by  the  great 
catastrophe  of  the  Deluge. 

Sea  water  moreover  contains  a  notable  quantity 
of  the  magnesian  eartli  in  the  state  of  muriate  and 
sulphate,  as  well  as  muriates  of  potash  and  ammonia, 
and  sulphate  of  soda,  with  several  other  substances, 
the  uses  of  which  in  the  ocean  are  still  unknown. 

Every  common  water  in  its  natural  state,  whether 
salt  or  fresh,  contains  about  a  fortieth  of  its  bulk  of 
air,  which  it  readily  evolves  either  by  the  heat  of 
ebullition,  or  when  placed  in  vacuo.  In  these  cir- 
cumstances, we  perceive  minute  globules  oozing  out 
from  every  point  of  the  liquid,  which  when  Uberated, 
rise  by  their  innate  lightness  and  elasticity,  in  a 
pearly  looking  stream  to  the  surface.  Now  this 
liqui^ed  air  is  the  element  of  respiration,  the  pabu- 
ium  vita,  to  all  bronchial  animals.  The  gills  of 
fish  elaborate  that  liquid  air,  as  the  lungs  of  land 
animals  do  its  elastic  form.  Both  organs  convert 
its  oxygenous  part  into  carbonic  acid,  for  the  sus- 
tenance of  vegetation,  terrestrial  or  submarine. 

Enough  has  now  been  stated  to  evince,  that  water 
in  its  liquid  state  is  not  the  uninteresting  inert 
element,  which  the  multitude  suppose  it  to  be,  but 
that  its  constitution  is  most  refined  and  intentional, 
adapted  to  the  manifold  functions  which  it  must 
discharge  towards  countless  orders  of  oYgamc  ^-ttii 
iaorganic  being.    Its  habitudes  with  \veaX  as«;  'je.oi- 
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liarly '  beautiful.  A  certain  energy  of  this  polirer 
gives  to  water  its  liquid  condition,  in  which,  as 
already  mentioned,  the  molecular  attraction  is  very 
nearly  neutraUsed  by  the  repulsive  force.  Had  the 
cohesion  of  its  parts  been  less,  it  could  not  have 
afforded  the  reaction  requisite  for  the  movements  of 
fishes  and  ships ;  nor  could  man  have  availed 
himself  of  its  impulsion  to  aid  his  feeble  arm  in 
preparing  his  food,  clothing,  and  domestic  accom- 
modation. The  same  calorific  agency  wafls  the 
ponderous  liquid  on  the  wings  of  the  wind,  to 
supply  the  organic  inhabitants  of  mountains  and 
plains  with  vivifying  moisture ;  or  under  the  guid- 
ance of  mechanic  genius,  it  animates  the  steam 
engine,  the  noblest  ofRpring  of  science  and  art,  the 
unwearied  and  docile  servant  of  man. 

The  equilibrium  of  its  mobility  lies  within  narrow 
bounds.  A  very  moderate  reduction  of  tempera- 
ture restores  the  cohesive  power  to  uncontrolled 
dominion,  under  which  the  form  of  water  ceases  to 
exist,  and  might  thus  continue  unknown.  Again, 
had  the  particles  of  water  been  mutually  elastic, 
though- but  in  an  inconsiderable  degree,  the  least 
disturbance  by  winds  or  tides,  must  have  produced 
tremendous  commotions  in  its  mass ;  and  a  floating 
body  would  have  been  alternately  tossed  into  the 
air,  and  plunged  into  the  depths,  with  destructive 
violence.  Under  such  circumstances,  the  sea  would 
have  been  an  impassable  gulf,  between  closely 
adjoining  kingdoms,  instead  of  being,  as  now,  a 
thoroughfare  between  the  most  distant  lands,  the 
element  of  the  noble  art  of  navigation.  By  its 
almost  inelastic  and  incompressible  crosis,  \\\e>oodL^ 
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of  the  ocean  cannot  resile,  nor  suffer  agitation  beyond 
a  few  fathoms  from  its  surface,  even  from  the  force 
of  the  hurricane.  In  fine,  the  absolute  passiveness 
of  water,  and  independent  gravitation  of  its  parts, 
form  its  most  valuable  qualities. 

On  the  third  creative  day,  after  the  waters  were 
gathered  into  their  destined  bed,  the  new-formed 
earth  was  forthwith  clothed  with  vegetation,  adorned 
"  with  herbs,  and  fruits,  and  forest  trees."  The 
instantaneous  creation  of  the  vegetable  tribes,  from 
"  the  herb  yielding  seed  after  his  kind,  to  the  tree 
yielding  fruit,  whose  seed  was  in  itself,  after  his 
kind,"  does  not  seem  to  have  been  made  a  stum- 
bling-block by  the  Botanical  student,  as  the  first 
arrangement  of  the  mineral  strata,  has  been  by  tlie 
Geologist.  Yet  the  cases  are  strictly  parallel.  Nay, 
whatever  difliculty  any  imagination  may  have  in 
conceiving  the  brute  matter  of  the  globe  to  have 
been  arranged  at  once  in  crystalline  and  schistose 
masses,  it  ought  to  feel  a  much  greater  difficulty  in 
-conceiving  the  whole  complex  structure  of  a  fruit  or 
forest  tree  to  be  simultaneously  produced  from  the 
root  to  the  infloresence,  with  all  the  concentric 
layers  of  wood,  alburnum,  and  bark,  each  composed 
of  straight  or  tortuous  fibres  and  tubes ;  and  not 
formed,  as  we  see  tliem  now,  by  progressive  deve- 
lopement  and  growth.  The  creation  of  a  perfect 
plant,  the  type  and  parent  of  an  indefinite  series,  is 
far  more  wonderful  to  my  apprehension,  than  the 
creation  of  an  inert  terraqueous  spheroid.  No 
Botanist  or  Zoologist,  of  sane  reputation,  inculcates 
that  plants  and  animals  acquired  the\i  \)eT^€:c\.  %cv\ 
unvarying  forms,  through  successive  oTgamvc  d«^o- 
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sitiohs  and  catastrophes,  as  geognostic  theorists 
have  taught  wrth  regard  to  the  primitive  structure 
of  the  earth.  What  would  be  thought  of  a  Natur- 
aUst  who  should  pretend  to  determine  the  epoch  of 
the  world,  at  which  the  different  layers  of  wood  or 
bone  were  first  formed  out  of  some  primordial  chaos 
of  vitaHty  ;  when  branches  and  limbs  first  began  to 
sprout, from  simple  trunks;  when  feathers,  wool, 
and  hair,  first  came  forth  for  the  protection  of  naked 
animals  ? 

The  third  rotation  of  the  terrestrial  sphere,  was 
accomplished  amid  a  faint  phosphorescence  of  the 
luminiferous  ethen  But  towards  its  conclusion,  a 
kingdom  of  life  had  been  erected,  which  required  a 
more  vivid  illumination.  Accordingly  the  next  revo- 
lution ushered  in  a  golden  dawn,  the  harbinger  of 
the  eflulgent  Day  Star.  Then  the  Sun  was  fur- 
nished with  his  phosphoric,  or  light  exciting  robe, 
a  superficial  luciferous  film,  which  is  probably  the 
only  peculiarity  that  distinguishes  the  structure  of 
his  body  from  that  of  his  subject  spheres.  Created 
with  the  earth  on  the  first  day,  when  the  law  of  uni- 
versal gravitation  was  ordained  to  govern  Heaven's 
isolated  Orbs,  he,  with  his  brother  stars,  was  not  till 
the  fourth, 

**  Invested  with  bright  rays,  jocund  to  run 
His  longitude  through  Heaven's  high  road." 

Our  ancient  record  of  these  events   not  only 
accords  with  every  scientific  principle ;  but  intui- 
tively defines  the  new  function  of  measuring  time 
which  the  orbs  were  fitted  to  perform,  when  they 
scguired  their  lucid  exterior.  ^*  A.t\dGoi>  ^\di^\je\. 
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there  be  tights  in  the  firraament  of  the  heaven  to 
divide  the  day  from  the  night ;  and  let  them  be  for 
signs,  and  for  seasons,  and  for  days,  and  for  years. 
And  God  made  two  great  hghts :  the  greater  light 
to  rule  the  day,  and  the  lesser  light  to  rule  the  night : 
he  made  the  stars  also." 

The  vegetable  tribes  bloomed  for  one  day  in 
iinenjoyed  beauty  and  fragrance.  But  with  the 
next  rising  sup,  two  viast  classes  of  animal  life,  with 
their  varied  susceptibilities  of  pleasure,  were  sum- 
moned into  existence.  The  waters  were  replenished 
with  all  their  orders  of  vitality,  from  the  cold-ele- 
mentary mollusca,  to  the  warm  blooded  whale. 
From  this  period,  too,  commenced  that  deposition 
of  marine  exuvise  on  the  ocean  bed,  which  after- 
wards exposed  to  the  eye  of  day  by  a  mighty  revul- 
sion of  the  waters,  have  afforded  to  the  fossil  student, 
an  exhaustless  mine  of  observation.  The  winged 
inhabitants  of  the  air  were  of  coeval  birth,  aijd  found 
abundant  supplies  prepared  in  the  waters  and  the 
land,  for  their  respective  wants.  ■  The  eagle  now 
soared  on  adventurous  wing  round  the  naked  granitic 
peaks,  the  albatross  skimmed  with  unwearied  flight 
the  sparkling  billow,  and  all  the  feathered  songsters 
warbled  in  unison  with  the  Divine  benevolence. 

Fishes  and  Fowls  are  classed  t^^ther,  as  the 
creative  work  of  the  fifth  day.  Apparently  these 
two  orders  of  animals  have  UtUe  or  nothing  in  com- 
mon, and  hence  some  sciolists  have  sneered  at  the 
collocation  of  Moses.  Biit  the  true  naturalist 
admires  the  scripture  classification,  because  he  per- 
mves  many  line  analogies  in  it. 

Flying  modiSes  all  the  actions  of  birds,  ftV\mwrav% 
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those  of  fishes.  In  these  kindred  qualities^  both 
classes  stand  apart  from  quadrupeds,  and  the  other 
land  animals.  Swimming  and  flying  are,  in  truth, 
only  the  same  act  performed  in  different  fluids.  The 
eflective  instruments,  organs,  and  movements,  which 
produce  or  modify  these  acts,  are  similar  or  at  least 
analogous.  From  this  remarkable  relation,  we  may 
expect  to  find  many  secondary  analogies  between  the 
habits  of  fishes  and  birds.  The  wing  of  the  bird,  and 
the  fin  of  the  fish,  differ  much  less  from  one  another^ 
than  might  be  supposed  at  first  sight ;  and  hence  the 
ancient  Greek  and  Roman  naturalists,  as  well  as  many 
in  later  times,  have  called  them  by  the  same  nfime. 
Both  present  a  considerable  surface  relatively  to  the 
size  of  the  animal,  which  it  may  enlarge  or  diminish 
at  pleasure.  The  fin,  accommodates  itself  to  these 
expansions  and  contractions,  because  it  is  composed 
like  the  wing,  of  a  soft,  flexible,  membranous  sub- 
stance ;  and  when  it  has  received  the  size  suited  to 
the  immediate  want  of  the  animal,  it  presents  like 
the  wing,  a  resisting  surface,  it  acts  with  precision, 
it  strikes  with  force,  because,  like  the  instrument 
of  flying,  it  is  stiffened  with  small  cylinders,  solid, 
hard,  and  nearly  inflexible.  Though  unprovided 
with  feathers,  it  is  sometimes  strengthened  with 
^scales,  that  possess  the  same  texture  as  the  feathers 
of  a  bird. 

The  weight  of  birds  does  not  greatly  exceed 
that  of  their  own  bulk  of  air ;  the  density  of  fishes 
is  very  little  different  from  water,  especially  that  of 
the  sea.  Birds  are  furnished  with  an  organization, 
which  renders  a  great  volume  very  light.  Their 
lungs  are  largely  developed  \   gteat  ?l\y  W^^  ^t^ 
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placed  in  the  interior  of  their  bodies  ;  their  boDes 
are  hollow  and  perforated,  so  as  to  receive  with  ease 
into  their  cavities  the  atmospheric  fluid.  Almost 
all  fish  have  a  peculiar  bladder,  which  they  can 
expand  with  air  at  pleasure,  without  adding  sensibly 
to  their  weight 

The  tail  of  birds  serves  as  a  rudder,  and  their 
wings  are  perfect  oars.  The  back  and  belly  fins  of 
fish  may  ^e  also  compared  to  powers-  which  regu- 
late and  direct,  whilst  the  tail  with  its  lengthened 
caudal  fin,  strikes  the  water,  like  an  oar,  and  com- 
municating impulsion  to  the  animal,  is  the  main- 
spring of  all  its  rapid  movements.  We  may  tliere- 
fbre  afiirm  that  birds  swim  in  the  air,  and  fishes  fly 
in  the  water.  The  atmosphere  is  the  ocean  of  the 
first;  and  the  sea  that  of  the  second.  But  fishes 
enjoy  their  domain,  much  more  fully  than  birds  j 
for  they  can  traverse  it  in  every  direction ; — rise 
to  the  very  surface,  sink  into  the  abyss,  or  repose 
themselves  in  any  part  of  the  fluid  itself. 

The  regular  winds  iavour  or  modify  the  aerial 
voyages  of  birds ;  the  currents  of  the  ocean  regu- 
late in  like  manner  the  migration  of  its  shoals.  The 
instinct  of  generation,  which  can  be  satisfied  only 
on  coasts,  constrains  fish  at  each  retiun  of  spring,  ' 
to  quit  the  deep  ocean,  and  approach  the  shores. 
.  The  females  arrive  first  to  deposit  on  the  land-banks 
the  burden  of  their  spawn  or  ^gs,  and  the  males 
follow  to  fecundate  them.  Hence  it  is  obvious,^ 
that  fishes  could  not  have  animated  the  watery 
abyss,  which  circumfused  the  globe  before  the  dis- 
tinction of  dry  land  and  ocean  existed.  Tl\\m%  "^e^ 
6nd  the  Mosaic  statement,  strictly  accoiianV.  "^vOft. 
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one  of  the  most  refined  discoveries  of  Natural  His- 
tory. Wherever  the  land,  presents  the  greatest 
extent  and  variety  of  surface  to  the  sea,  there'  the 
fishes  most  abound.  It  is  for  this  reason,  that  the 
great  southern  ocean  is  much  more  sparingly  stocked 
with  fish  than  our  northern  seas.* 

The  rural  scene  garnished  with  luxuriant  herbs^e, 
was  peopled  in  the  beginning  of  the  6th  day  with 
its  animal  tribes,  from  the  reptile  to  the  elephant ; 
and  then  Man,  the  lord  of  all  the  earth,  was  made 
in  the  image,  and  after  the  likeness  of  his  Divine 
Creator.     Endowed  with  the  faculties  and  desires 
of  celestial  beings,  and  ordained  to  exercise  a  bene- 
ficent dominion    over  all   terrestrial   natures,   he 
•  reflected  visibly  in  his  thoughts  and  actions,  the 
Invisible  Majesty  of  Heaven.      How  nobly  does 
the  sacred  historian  describe  the  excellence  of  the 
finished  creation,    which  in  its  physical  frame  at 
least,  has  yet  lost  none  of  its  original  brightness, 
and  is  therefore  equally  fitted,  as  at  first,  to  fill 
the  contemplative  mind  with  holy  aspirations !    All 
its  parts  display  so  clearly  the  work  of  an  almighty 
hand,   as   to   impress   moral   and  religious    senti- 
ments, on  every  imperverted  naturalist.     "  There  is 
no  speech  nor  language  where  their  voice  is  not 
heard,'*  pronouncing  in  reason's  ear  the  primeval 
benediction.     "  And  God  saw  every  thing  that  he 
had  made,  and  behold  it  was  very  good.'*     **  Then 
the  morning  stars  sang  together,  and  the  sons  of 
God  shouted  for  joy.'* 

The  achievement  of  creation,  by  distinct  and 

•  Lacepede. 
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independent  acts,  was  performed  on  each  of  six  suc- 
cessive days ;  demonstrating  that  it  was  not  the  result 
of  a  blind  necessity ,  or  a  spontaneous,  and  therefore 
continuous,  though  irregular  aggregation  of  cha- 
otic atoms.  It  is  thus  kindly  revealed,  that  the 
Deity  operating  with  a  sovereign  liberty,  directs  his 
Almighty  Fiat,  where  and  when  it  seemeth  good. 
As  in  making  the  world  by  his  volition  alone, 
he  shows  that  nothing  can  resist  his  power,  so  in 
forming  it,  at  several  periods,  he  proves  that  he  is  the 
9ole  disposer  of  matter  in  all  its  modes  of  existence. 
To  the  well  being  of  man,  the  activity  of  his 
powers  is  essential.  A  lesson  of  daily  industry  is 
clearly  inculcated  in  the  recital  of  the  six  demiurgic 
or  creative  days  ;  and  a  lesson  of  devout  meditation 
is  as  plainly  taught  on  the  seventh,  the  day  of  rest, 
blessed  and  sanctified  by  God  himself.  By  these 
alternate  employments,  bodily  and  intellectual, 
secular  and  religious,  man,  while  obedient  to  his 
Heavenly  Monitor,  reached  the  highest  perfection  of 
his  nature.  His  knowledge  was  co-extensive  with 
his  dominion  ;  and  charity  was  paramount  over  all. 
The  properties  of  every  terrestrial  object  seem  to 
have  been  intuitively  recognised.  Thus  when  the 
subject  animals  passed  with  meek  aspect  in  review 
before  him,  he  discerned  the  nature  of  each,  and 
denoted  it  by  a  significant  appellation.  **  And 
whatsoever  Adam  called  every  living  creature,  that 
was  the  name  thereof."  The  garden  of  Eden  in  all 
its  luxuriance  of  foliage,  flowers,  and  fruit,  was  con- 
signed to  his  care.  Being  appointed  to  dress  it, 
and  keep  it,  he  must  evidently  have  ^osse^^vid  '^w 
knowledge  of  the  habits  and  ,qualitie%  <rf  \\axvV^- 
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CHAP,  v.— PRIMITIVE  FORBfATIONa 

The  very  accurate  astronomical  observations  andy 
measurements  made  by  the  late  Dr.  Maskelyne,  oik 
the  opposite  sides  of  the  lofty  mountain  Schehallion 
in  Perthshire,  to  ascertain,  by  the  deviation  of  the 
plummet  from  the  perpendicular,  the  relative  attrac- 
tion of  the  mountain  and  the  earth,  and  conse- 
quentiy  the  comparative  gravities  of  the  matter 
composing  them,  lead  to  tiie  conclusion,  that  the 
mean  density  of  our  globe,  is  greater  than  that  of 
Schehallion,  in  the  ratio  of  9  to  5.  Now,  as  the 
component  rocks  of  that  mountain  are  considerably 
denser  than  the  average  of  those  which  form  the 
crust  of  the  earth,  it  appears  that  the  interior  sub- 
stance of  the  globe  must  be  vastiy  denser  than  that 
of  its  outermost  shell.  In  the  actual  figure  of  the 
earth,  the  ellipticity  or  the  compression  is  about  ^, 
that  is  the  equatorial  diameter  is  to  the  polar  as  312 
to  311  ;  but  the  general  contour  is  very  irregular 
both  in  density  and  form,  as  has  been  already  shown. 
Playfair  justiy  infers,  that  the  approximation  which 
the  figure  of  the  earth  has  made  to  the  spheroid  of 
equilibrium,  cannot,  in  a  consistency  with  other 
appearances,  be  ascribed  to  its  having  been  once  in  a 
fluid  state.  "  Tlie  only  action  of  water,"  (in  giving 
shape  to  the  earth,)  "  of  which  we  have  any  distinct 
evidence  in  the  natural  history  of  the  globe,  is  par- 
tial  and  local,  and  therefore  insufficient  to  account 
for  the  spheroidical  figure  of  the  earth."* 

From  the  whole  of  these  observations,   we  are 

•  Playfair*8  Outlines  of  Natural  Philosophy,  Vol.  IL  p.  303. 
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warranted  to  conclude,  that  the  earth  was  origin- 
ally created  in  perfect  wisdom,  of  the  density  and 
shape  best  adapted  to  the  equilibrium. of  rotation, 
which  its  terraqueous  surface,  and  relations  to 
organic  life  required.  It  could  not  have  spontan- 
eously worked  out  its  actual  and  only  beneficial 
form,  according  to  any  geological  hypothesis,  that 
has  ever  been  advanced. 

The  mean  density  of  the  interior  parts  of  the 
earth,  being  more  than  five  times  greater  than  the' 
water  of  the  ocean,  we  cannot  recognise  the  exist- 
ence of  any  mighty  vaults  beneath  its  surface,  into 
which  the  waters  of  the  abyss  could  subside.  We 
are  hence  forced  to  conclude,  that  the  dry  lanH 
t^peared,  or  came  forth,  by  the  agency  of  interior 
eruptive  forces,  which,  in  producing  the  mountain 
lands,  and  marine  excavations,  gave  superficial 
irregularity  to  the  spheroid.  Of  the  protrusive 
action  of  internal  fires  among  the  primitive  strata, 
the  whole  of  its  surface  bears  undoubted  marks, 
which  it  is  the  object  of  the  present  chapter  to 
describe.  Farther  details  are  given  Book  III. 
Chap.  ii. 

Chemical  science  demonstrates  that  the  crust  of 
the  earth  consists  mainly  of  six  substances,  silica, 
or  the  matter  of  rock  crystal,  alumina,  or  pure  clay, 
iron,  lime,  magnesia,  and  potash.  Silipa,  in  the 
ciystalline  form,  is  called  quartz,  and  is  a  large 
constituent  of  the  primitive  mountains,  Granite, 
Gneiss,  and  Mica-slate. 

The  Micaceous  ingredient  of  these  rocks,  is  com- 
posed of  43  of  silica,  22  iron-oxide,  W^  t^a,^,  "V^ 
potash,  and  9  magnesia.     The  felspar  wgcedAeftV  eft 
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granite  and  gneiss,  consists  of  60  silica,  2S  day,  and 
14  potash. 

The  third  of  the  primitive  stratiform  rocks^  is 
clay-slate,  or  roofing-slate.  It  afiords  by  analjraisp 
49  silica,  23  clay,  1 1  iron-oxide,  and  5  potash. 

If  to  these  four  bodies,  quartz,  mica,  felspar,  and 
clay-slate,  called  simple  minerals,  because  they  are 
of  homogeneous  aspect,  we  add  hornblende  and 
augite,  we  shall  have  before  us  the  principal  mine- 
ral constituents  of  the  primitive  shell  of  tlie  globe. 

Hornblende  consists  essentially  of  42  silica,  80 
iron-oxide,  12  clay,  and  11  lime  ;  and  augite  of  54 
silica,  22  lime,  12  magnesia,  and  10  iron-oxide. 

Thus  we  see  that  silica,  clay,  lime,  magnesia, 
iron-oxide,  and  potash,  constitute  by  far  tlie  greater 
portion  of  the  hard  materials  of  the  earth,  as  far  as 
it  has  been  explored. 

Quartz,  felspar,  and  mica,  blended  in  distinguish- 
^  able  crystalline  grains,  constitute  Granite. 

Quartz,  felspar,  and  mica,  in  crystalline  scales 
or  spangles  constitute  Gneiss. 

The  Mica-slate  formation  consists  of  the  mineral 
of  that  name  ;  interspersed  witH  masses  of  quartz. 

Clay-slate  rock  is  also  the  mineral  of  that  name, 
interspersed  occasionally  with  layers  of  quartz. 

The  mountains  of  Sienite,  Porphyry,  Hornblende- 
slate.  Greenstone,  and  Basalt,  are  composed  chiefly 
of  the  minerals  hornblende,  augite,  and  felspar 
variously  mixed  in  form  and  proportion. 

Such  is  a  general  outline  of  the  substances  whicJ) 
form  the  primitive  mountain,  and  table-land  edi- 
fices of  the  terrestrial  spheroid.  Reduced  to  their 
utmost  state  of  simplicity,  they  become^  iu  tlie 
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hands  of  the  analytical  chemist,  the  combustible, 
elements  ;  silicon^  aluminum^  calcium^  magnesium^ 
potassium^  iron  ;  a  mixture  of  which,  at  common 
temperatures,  on  coming  into  contact  with  water  or 
moist  air,  would  cause  fire  and  explosion ;  and  if 
the  quantities  were  great,  earthquakes  and  volcanic 
eruptions  would  ensue  of  commensurate  magnitude.    . 

That  silica,  and.  its  associated  bases,  which  are 
oxidized  at  the .  surface  of  the  earth,  and  thus 
deprived  of  their  elementary  activity,  exist  at  a 
moderate  depth  beneath  that  surface,  devoid  of 
oxygen,  in  the  state  of  simple  combustibles,  there 
is  little  reason  to  doubt.  Thje  phenomena  of  earth- 
quakes and  volcanoes  lead  plainly  to  this  conclu- 
sion. The  heat  observed  in  subterranean  regions,  " 
progressively  increasing  as  we  descend,  renders  it 
further  probable  that  these  combustible  elements 
exist  there  in  a  fluid  state ;  an  effect  which  would 
result  from  a  very  moderate  heat,  one  greatly  infe- 
rior to  what  is  requisite  for  the  fusion  of  their 
oxides. 

The  primitive  envelope  of  the  globe,  seems  to 
have  originally  consisted  of  concentric  strata  of 
gneiss,  mica-slate,  and  clay-slate,  with  partial  layers 
of  semi-crystalline  limestone  ;  for  such,  with  a  few 
inconsiderable  exceptions,  constitute  its  rocky 
crust,  and  are  spread  over  all  its  regions.  These 
coats,  however,  no  longer  lie  in  layers  concentric 
with  the  spheroid,  but  are  thrown  up  into  nearly 
vertical  planes,  and  transpierced  in  many  points  by 
towering  masses  of  granite  and  porphyry. 

On  the   primordial  spheroid   coveted  ^NvXkv  '\\ss 
illimitable  ocean,  these  stratiform  coats  \vj  vcv  \votv- 
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zontal  planes }  but  with  the  gathering  b^etiher  of 
the  waters,  on  the  emergence  of  the  land,  they  were 
heaved  up  abruptly  into  the  nearly  vertical  tables, 
in  which  they  now  universally  stand.  Tills  remaric- 
able  position  corresponds  to  the  eruptive  violence 
that  caused  it.  From  the  shoulders  and  flanks  <tf' 
the  stupendous  granite  peaks,  mantles  of  gneiss  and 
mica-slate  depend  in  magnificent  drapery.  Utese 
Schistose  coverings  are  arranged  near  the  summit  in 
folds  almost  upright,  which  lower  down,  become 
sloped  off  with  clay-slate  and  limestone,  into  a 
gentle  declivity.  The  coats  of  gneiss  are  often 
contorted  into  the  most  singular  flexures  of  rock 
scenery,  demonstrating  a  certain  pliancy  of  texture 
at  the  instant  of  erection  ;  resulting  cither  from  the 
moisture  out  of  which  it  rose,  or  the  soflcning  influ- 
ence of  subterranean  tire. 

The  wood-engraving  at  the  bottom  of  tliis  page, 
taken  from  U'Aubuisson,  represents  the  usual  struc- 
ture of  the  jirimitive  mountains.  It  is  impossible  for 
an  unbiassed  mind  to  contemplate,  this  sketch,  given 
by  a  Wemerian  geologist,  without  seeing  its  entire 
conformity  with  the  eruptive  mode  of  formation. 


7.  +.      3.  s.  I.  2.  a   1. 

The  middle  mass  (1)  is  granite,  bearing  up  between 
its  centrai  peaks,  a  poition   ((>)   of  the  schistose 
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strata,  which  are  sloped  in  opposite  directions.  2,  2, 
are  the  flanking  planes  of  gneiss  ;  3,  3,  mica-slate, 
q,  a  great  bed  of  quartz,  subordinate  to  the  mica- 
slate,  which  being  more  refractory,  before  the 
weather,  has  been  less  worn  away  than  the  includ- 
ing micaceous  beds,  and  surmounts  them.  4,  4, 
are  clay-slate  beds  under  a  more  gentle  slope.  5, 
an  overlying  protruded  mass  of  porphyry.  Above 
7,  a  portion  of  a  secondary  mineral  stratum  is  seen 
lying,  almost  horizontally,  over  the  upright  edges 
of  the  clay-slate,  demonstrating  their  independent 
and  subsequent  formation. 

Granite,  gneiss,  mica-slate,  clay-slate,  and  prob* 
ably  all  primitive  as  well  as  the  largest  of  secondary 
formations,  are  of  general  extent ;  a  conclusion 
established  by  the  identity  of  nature,  structure,  and 
mineral  locality  of  the  different  portions  of  each  of 
them  observed  in  the  different  regions  of  the  earth. 
Thus,  for  example,  in  all  the  countries  of  Europe, 
Asia,  Africa,  and  America,  into  which  geologists 
have  travelled,  they  find  a  similar  granite  every 
where  in  amorphous  (shapeless)  masses,  composed  of 
.  grainsof  quartz,  mica,  and  felspar,  almost  in  the  same 
proportion,  and  of  the  same  aspect.  A  similar  mica- 
slate  is  every  where  found,  consisting  of  mica  and 
quartz,  possessmg  in  all  regions  the  same  structure, 
often  imbedding  garnets,  and  having  a  Uke  mineral 
position.  Now,  as  nothing  indicates  these  several 
granites  and  mica-schists  of  opposite  hemispheres,  to 
be  the  offspring  of  local  or  partial  causes,  it  is 
natural  to  regard  them  as  the  results  of  one  mighty 
cause^  the  members  of  a  systematic  w\\o\e,  \?cve  ^'^ix^ 
and  execution  of  one  architect. 
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Observations  made  in  the  Alps,  in  the  environs 
of  Genoa,  in  the  Fichtelberg,  in  the  Cordillera  of 
Venezuela,  &c.  induced  M.  Humboldt  to  regard 
the  planes  of  the  stratification  of  the  earth,  as  form- 
ing an  angle  of  about  52°  with  its  meridian  sections. 
On  comparing  all  the  observations  of  this  kind  made 
in  France,  Switzerland,  and  Germany,  we  recognise 
a  pretty  general  direction  from  west-south-west  to 
east^north-east.  These  considerations  indicate  a 
general  cause  of  the  direction  of  the  strata,  con- 
nected with  their  original  elevation. 

The  mean  inclination  of  the  schistose  strata  in 
the  Alps,  is  from  50°  to  70°.  Humboldt  states  that 
mountain  acclivities  may  be  reckoned  considerable 
when  their  angle  is  y''  or  8**,  which  is  the  maxi- 
mum for  carriages  ;  that  they  are  steep  at  15°,  which 
is  the  maximum  for  loaded  beasts  of  burden.;  that 
an  inclination  of  35^  is  too  great  for  a  man  to  climb 
without  cutting  steps  in  the  rocks  ;  and  that  even 
when  aided  by  steps,  an  inclination  of  more  than 
44°  is  very  difficult  to  scale.  From  the  above  sloping 
measures  of  mountains,  we  may  judge  under  what 
an  overpowering  inclination  (60''  or  70°,)  the  strati-, 
form  fa9ades  of  gneiss  and  mica-slate  must  strike 
the  eye  of  an  observer.     See  Figure,  p.  92. 

Should  doubts  be  still  entertained  whether  an 
interior  eruptive  force,  exercised  on  a  general  scale, 
be  adequate  to  raise  horizontal  strata,  into  the  nearly 
vertical  angle  observed  in  the  Alps,  the  Highlands 
of  Scotiand,  and  other  primitive  ranges,  the  follow- 
ing remarks  of  an  accurate  observer  may  remove 
them.  '•*  The  formations  of  Calabria,"  says  Brog- 
niart,  ^^bave  been  for  SB  years,  the  tVveatte  o?  fe^t?\A 
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perturbations.  Horizontal  beds  have  been  raised  to  a 
perpendicular  position ;  entire  masses  of  deposits 
have  been  transported  to  a  great  distance,  and  have 
been  placed  in  unconformable  stratification  upon 
other  deposits,  and  yet  no  geologist  could  regard 
these  masses,  and  these  deposits,  as  belonging  to 
different  geognostic  epochs." — Etiin.  Phil.  Joum. 
vol.  viii.  p.  S29. 

Some  facts  of  sublimer  interest  have  been  lately 
presented  by  M.  Von  Buch  in  his  admirable  geo- 
logical sketches  of  the  Tyrolese  Alps.  "  With  his 
characteristic  intrepidity  and  patience,"  says^  M. 
Humboldt  the  occasional  companion  of  his  travels, 
**  he  clambered  more  than  1400  feet  high,  along  the 
edge  of  a  nearly  vertical  escarpment,  to  trace  the 
junction  line  of  limestone  reposing  on  an  upheaved 
wall  of  granite.  The  phenomenon  is  truly  of  the 
eruptive  class.  The  granite  has  pushed  itself 
through  the  supeijacent  rocks  ;  there  is  first  appo-  ■ 
aiUon,  and  then  superposition  of  the  limestone  on 
the  granite.  It  would  be  difficult  to  doubt  of 
the  granite  having  acted  on  the  calcareous  strata,  and 
of  having  rendered  it  granular,  as  the  true  volcanic 
■  rocks  are  known  to  do.''-^ — Annales  de  Chim.  et 
Phys.  torn,  xxiii.  p.  S63. 

"  It  is  hot,"  says  Von  Buch,  "  an  insulated  rock 
of  augite  porphyry,  it  is  the  entire  surface  of  a  pro. 
vince  which  has  here  been  visibly  upheaved  to  the 
day  (i^est  la  surface  entUre  tTune  pmvince  gut  se  fait 
Jour).  I  doubt  not  that  the  noble  cupola,  formed 
by  the  mountwns  of  porphyry  between  Meran 
and  Ciausen,  owes  its  elevation  to  t\\e  a.w^\ft  tw^irs, 
which  have  pierced  entirely  through  t,V\e  \?iX\ft"j  ^ 
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Fassa,  where  they  met  with  less  resistance.  The 
great  chasms  of  Sarenthal  and  Eysack,  between 
Collman  and  Botzen,  change  the  natural  suite  of  these 
elevations,  into  vaulted  domes  from  a  mass  originally 
horizontal.  A  vault,  stretched  over  a  great  spacCy 
would  obviously  break  and  form  fissures  of  a  bold 
and  deep  character,  such  as  we  observe  in  all  the 
valleys  of  the  Tyrol,  above  Botzen. 

*^  Many  years  ago  I  was  led  to  conclude  that  the 
whole  chain  of  the  Alps,  at  least  all  the  calcareous 
districts,  owed  their  elevation  to  the  augite-rock 
formation ;  and  I  am  satisfied  that  none  will  deny 
this  conclusion,  who  study  with  care  the  southern 
portion  of  the  Tyrol.  This  augite  formation  has 
broken  all  the  beds  which  opposed  its  emergence ; 
forming  a  kind  of  enormous  vein,  whose  direction 
is  that  of  the  mountain  ridge.  It  first  lifts  up  or 
transpierces  the  red  porphyries,  then  the  sandstones, 
next  the  calcareous  beds,  which  are  transformed, 
twisted,  and  set  upright,  in  the  most  diversified  and 
singular  manner.  These  eruptive  forces  have  ope- 
rated through  the  greater  portion  of  the  limestone 
Alps  of  Switzerland ;  but  they  may  be  most  dis- 
tinctly seen  in  studying  the  constitution  of  the 
mountains  of  Mendola,  opposite  to  Botzen.  Here 
a  model  is  presented  of  the  whole  calcareous  chain 
of  the  Alps.  The  Tyrol  may  indeed  be  regarded 
as  a  key  to  the  theory  of  the  Alpine  formations.** 

How  has  it  happened,  says  M.  Von  Buch,  that 
magnesia  could  penetrate,  traverse,  and  change  the 
nature  of  csjcareous  rocks,  several  thousand  feet 
high,  to  form  along  with  them  a  rock  uniform 
throughout  its  total  mass?  T\\e  ca\cateo\\?»  tocVa 
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themselves  contain  no  magnesia,  as  the  analysis  by 
Gmelin  of  the  hmestone  of  Vigo,  in  the  valley,  of 
Fossa,  proves.  It  must  therefore  come  from  some 
other  source,  and  it  is  natural  enough  to  believe  that 
the  erupting  augite  furnishes  the  magnesia,  which 
is  one  of  its  constituent  parts. 

1  conceive  that  I  have  discovered,  in  the  environs 
of  Trent,  the  march  of  nature  in  this  operation ; 
»  march,  which  appeared  so  evident  at  the  moment 
of  observation,  that  I  felt-  th^  liveliest  satisfaction, 
which  ever  inspired  me  during  my  long  wanderings 
among  the  Alps.  When  we  arrived  at  Trent,  oppo- 
site to  the  great  recess  in  which  the  valley  of  Sugana 
t>kes  its  rise,  we  were  struck  with  the  extraordinary 
form  of  two  insulated  mountains,  which  stand  up 
behind  one  another. 

The  tirst  in  a  round  and  pointed  cone,  resembles 
a  volcano.  It  bears  on  its  summit  a  small  chapel, 
whence  it  derives  the  name  of  Dosso  di  Santa 
Agatha.  The  second  loftier,  but  equally  needle-' 
formed*  is  called  the  mountain  of  La  Ceha.  At 
thsir  foot  is  placed  on  one  side  the  village  of  Pante, 
and  on  the  other  that  ofOUre  Castello.  On  approach- 
ing the  cone  of  Santa  Agatha,  we  perceive  that  a 
portion  of  the  slope  towards  the  town  forms  merely 
a  mass  of  rubbish  of  a  dazzling  white.  Here, 
workmen  are  busy  sifting  the  mass  of  which  the 
mountain  is  composed,  and  separating  from  it  sands 
of  different  sizes  ;  an  operation  which  appears  singu- 
lar enough  on  the  declivity  of  a  calcareous  moun- 
tain; of  nearly  vertical  strata.  If  we  wish  to  get 
a  sound  specimen  of  this  limestone,  vie  caxv  '[ve,N«  , 
succeed;  for  die  pieces  instantly  faU  asandet  vci  'iJAei. 
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lines  of  the  fissures  that  traverse  it  in  every  possible 
direction.  Large  lumps,  though  broken  into  small 
morsels,  the  size  of  a  nut,  do  nol  show  the  least 
appearance  of  a  fresh  fracture.  It  is  astonishing^ 
to  trace  the  degree  in  which  this  mountain  is 
cracked  and  cleft ;  and  still  more  so,  to  examine 
the  surface  of  these  fissures.  They  are  every  where 
covered  with  small  rhombohedrons,  which  some- 
times present  their  faces,  at  others,  their  edges  and 
their  angles*  These  rhomboids  are  crystallized  dolr 
omite  (magnesian  limestone).  The  masses  of  augit« 
rock  which  are  the  causes  of  so  extraordinary  a 
change,  are  not  far  off.  They  are  seen  at  the  foot 
of  the  hill  of  Santa  Agatha  ;  they  cross  the  gorge 
6f  the  Fersinaj  and  re-appear  on  the  great  road,  in 
the  very  village  of  Cognola.  They  constitute  black 
coloured  balls  with  concentric  coats,  and  a  solid 
nucleus  of  augite  greenstone  or  basalt. 

M.  Von  Buch  has  given  a  drawing  o£  hanghofely 
a  mountain  of  Dolomite  in  the  valley  of  Groden 
in  the  Tyrol,  of  very  singular  aspect  One  can 
hardly  imagine  how  such  an  obelisk  could  protrude 
itself  through  the  strata,  and  rise  up  alone  to  a  ver- 
tical height  of  4000  feet.  It  is  entirely  inaccessible, 
and  even  the  boldest  chamois  can  hardly  find  on  it 
a  blade  of  grass  to  browse.  Here  we  behold  a  vast 
pyramid  of  snow-white  semi-crystallized  magnesiaii 
limestone,  standing  alone  above  the  dark  green 
base  of  augite  porphyry^  Towards  the  right,  the 
nearly  horizontal  limestone  strata  are  observable 
which  contributed  their  calcareous  matter  towards 
the  formation  of  the  dolomite.  From  an  extensive 
induction  M.  Von  fiuch  concludes  tVv^.t  VW  ^w^le^ 
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porphyry  can  transform  into  dolomites  any  calca- 
reous bed,  which  it  may  chance  to  traverse  under 
suitable  conditions,  whether  that  bed  be  the  lime- 
stone crag,  of  of  the  oolitic  series  of  Jura. 

Below  the  place  called  Sotto  i  Sasai  in  the  valley 
of  Fassa  there  are  some  sbiking  eruptive  phenomena. 
Here  the  nusing  of  a  particular  rock  is  not  the 
question ;  but  of  the  totd  mass  of  the  mountains^ 
and  consequently  an  extensive  territory.  In  fact, 
the  strata  of  red  sandstone  and  shdl  limestone 
occur  in  such  abrupt  positions,  and  at  such  different 
heights,  that  we  try  in  vain  to  refer  all  these  separate 
portions  to  a  general  level,  or  even  to  a  common 
inclination,  from  their  elevation  of  more  than  7500 
feet  above  Saint-Pellegrin,  to  that  of  900  feet  above 
Cattem  and  Tramin.  But  wherever  these  sand- 
stones,and  calcareous  beds,  present  such  lofty  escarp- 
ments,  they  are  crowned  with  Dolomite,  in  which 
case  We  are  ^t  no  loss  to  discover  somewhere  at  ' 
hand,  the  angite  rock  which  has  raised  them.  It 
thence  appears  natural  to  conclude  that  all  these 
beds  have  been  elevated  by  the  augitic  porphyry,  as 
well  as  the  dolomite,  especially  nnce  we  can  hardly 
conceive  how  the-  porphyry  could  pierce  them 
without  pushing  them  up.  A  proof  of  this  pene- 
tration is  given  in  the  geological  pro6le  of  the 
Duron ;  where  that  prodigious  variety  of  level  and 
ia^ade  are  seen  which  accompanies  masses  violently 
erupted.  Reflecting  on  the  eflects  of  these  upheav- 
ings,  we  shall  be  less  surprised  to  meet  with  petri- 
factions of  anomia  in  the  sandstones  and  calcareous 
beds  8000  feet  high  near  Sosso  m  Val  Fredda. 
Tiese petrifactions,  prior  to  the  eruptive  ca.Vaa'wo'^nft 
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were  placed  far  below  the  level  of  the  seas.  These 
elevations  belopg  therefore  to  periods  subsequent  to 
the  emergence  of  the  primeval  land ;  and  are  intro- 
duced by  me  here  merely  to  prove  the  cause  and 
manner  of  that  emergence. 

On  reflecting  on  these  striking  facts,  we  must  not 
forget  that  the  calcareous  ejections  of  Vesuvius  are 
also  constantly  composed  of  granular  dolomite. 
Their  aspect  alone  shows  their  nature;  and  the 
chemical  analyses  of  Smithson  Tennant,  and  Leo- 
pold Gmelin,  fully  confirm  this  indication  from 
external  character.  Entirely  analogous  phenomena 
are  presented  in  the  environs  of  Rome,  on  the 
borders  of  the  lake  of  Albano  ;  the  peperino  (an 
indurated  volcanic  tuffa)  is  replete  with  blocks  of 
dolomite  of  a  dazzling  whiteness.  The  limestones 
of  Vesuvius  are  cleft  and  split,  like  the  dolomites  of 
Fassa.  These  dolomites  are  not  confined  to  that 
Alpine  valley ;  but  they  are  to  be  found  every  where, 
and  under  every  form,  between  Pusterthal  and  the 
frontiers  of  Italy.  They  surround,  like  rocky 
islands,  with  peaks  of  prodigious  elevation,  the  upper 
part  of  the  valley  of  Groden  and  Wolkenstein  ;  and 
thence  stretch  far  and  near,  over  many  a  valley  of 
augitic  greenstone,  or  pyroxenic  porphyry. — Ammles 
de  Chim.  et  de^Phys.  xxiii.  71. 

Having  premised  these  general  observations,  I 
shall  give  a  particular  description  of  each  of  the  three 
great  primitive  envelopes  of  the  earth. 

1.  Gneiss. — As  this   schistose  body  serves  no 

particular  purpose  in  the  arts  of  life,  it  attracted 

little  attention  till  in  the  progress  of  modern  geology, 

the  Jwportance  of  its  scientific  re\at\oT\s>  a^^e^i^d. 
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The  name,  gneiss,  was  the  technical  ternf-by-which 
the  miners  of  Freyberg  distinguished  the-'jcoof  of 
their  veins,  when  it  was  altered,  and  of  a  stea'tltic  pr 
greenish  appearance,  whatever  might  be  its  miri^rai 
nature,  whether  granite,  porphyry,  mica-slate, 'ar;,"- 
our  actual  gneiss.  The  little  treatise  of  Werner,  on-*-'. 
the  classification  of  rocks,  which  appeared  in  I787,  "■ 
finally  fixed  the  acceptation  now  attached  to  the  word 
gneiss.  He  describes  gneiss,  as  a  rock  composed  of 
felspar,  quartz,  and  mica,  immediately  adhering  to 
each  other,  possessing  at  once  a  granitic  and  a  schis- 
tose texture.  The  felspar  and  the  quartz  occur  in 
grains  aggregated  together,  which  produce  the 
granitic  structure.  These  aggregates  are  assembled 
in  small  plates,  betwixt  which  intervene  scales  of 
mica.  In  this  way,  the  slaty  texture  is  produced. 
Gneiss  differs  from  granite  not  only  in  texture,  but 
also  from  containing  commonly  a  greater  proportion 
of  mica ;  to  the  abundance  of  which  mineral,  it 
owes  its  foliated  aspect  Felspar  is  the  predoooi- 
nating  principle  in  gneiss,  especially  in  the  deepest 
seated  strata ;  though  it  is  in  less  quantity  than  in 
granite,  relatively  to  the-two  other  ingredients.  It 
occurs  in  grains  of  middle  size,  or  even  very  small, 
and  of  a  white  or  grayish-white  colour.  The  quartz 
is  for  the  most  part  in  smaller  grains.  It  has  a 
vitreous  aspect,  and  an  ash-gray  colour.  The  mica 
of  gneiss  is  in  small  spangles,  often  distinct ;  but 
sometimes  intimately  attached  to  each  other,  so  as 
to  form'  continuous  leaves  of  moderate  size.  Its  most 
usual  colour  is  gray,  which  passes  often  through 
every  shade  to  bkck.  To  its  difference*  \)ftfe  ti^w't 
variations  in   the  appearance  of  gneVaa  aift  ^^^  i 
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becau^e/rt^s  rock  aplitting  always  m  the  line  of 
these-l|esiHets,  has  its  fragments  coated  with  theip* 
Qnei&s'frequently  contains  crystals  of  hornblende* 

G/uFnet  is  the  mineral  most  commonly  included 

/iii*gneiss,  occurring  thus  in  the  north  of  J^urope,  ifi 

:V.;ltforway,  and  in  Greenland,  where  the  crystals  are 

*-:V'  often  as  large  as  a  nut,  and  in  prodigious  number. 

'    Humboldt  remarked  them  in  great  quantities,  both 

red  and  green,  in  the  gneiss  of  America,  particularly 

at  t^e  Caracas. 

Gneiss  is  very  distinctly  stratified,  and  whenever 
.  it  reposes  on  a  granitic  mass,  it  wraps  itself  round 
it,  and  follows  its  sinuosities. 

It  is  the  rock  which  contains,  at  least  in  Europe, 
most  metallic  substances.  There  is  hardly  one 
which  has  not  been  found  in  it,  and  in  sucli  abun- 
dance as  to  become  an  object  of  mining.  The 
metallic  ores  are  sometimes  in  veins,  but  more 
commonly  in  beds.  Gold  is  found  in  it  in  Dauphiny, 
at  the  foot  of  Monte-Rosa,  and  in  the  territory  of 
Salzburg.  The  threads  and  veins  of  the  mountain 
of  Chalances,  near  Allemont,  that  afford  silver, 
cobalt,  antimony,  &c.,  are  in  gneiss.  Tliis  rock, 
in  the  Vosges,  includes  many  metals.  In  the  gneiss 
of  Auvergne,  threads  of  lead,  silver,  and  antimony 
occur.  At  Freyberg,  as  also  in  Bohemia,  rich  and 
celebrated  mines  of  silver,  lead,  &c.,  are  worked. 
The  famous  copper  mines  of  Fahlun  in  Sweden 
occur  in  the  same  rock.  It  contains  iron  ore  in 
profusion  ;  as  in  the  iron  mines  of  Scandinavia,  at 
Dannemora,  Utoe,  and  Arendal. 

In  America,  according  to  Humboldt,  gneiss  is 
much  less  meta/iiferous. 
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Gneiss  is  the  predommating  rock  of  Norway,  and 
of  all  the  north  of  Europe.  It  abounds  in  the 
Southern  Alps,  and  the  Pyrenees ;  in  Greece ;  in 
Uie  United  States  of  America;  and  in  the  south 
of  that  continent,  it  reigns  paramount  over  the 
liiitiest  chains  of  the  Andes  of-  Quito.  Humboldt 
observed  it  also  in  the  mountains  of  Parama  and 
Venezuela. 


Thii  figure  represents  fiexurea  in  the  gnou  beds  of  Berneri,  an  island 
ia  the  Lewisi  from  MaccuUodi's  Western  IbIukIi. 

2.  Mica  Schist  ia  a  rock  of  a  daty  texture, 
composed  of  mica  and  quartz.  The  mica  almost 
always  predominates,  at  least  it  is  the  most  apparent. 
It  is  commonly  gray,  sometimes  bordering  upon 
yellow,  more  frequently  on  green,  in  which  case 
it  approaches  to  talc.  Here  it  is  not  in  spangles, 
as  in  granite,  or  in  separate  scales  as  in  gneiss. 
The  plates,  or  imperfect  crystals,  are  almost  always 
so  blended  or  run  together,  that  the  whole  forms 
continuous  leaf-like  pellicles.  The  quartz  has  its 
OTdinary  gray  colour  and  vitreoua  aspect ;  it  is  in 
8in^  plates  of  a  nearly  lenticular  form,  and  inter- 
"^ed  flatly  between  the  leaflets  of  mica.  Tliese" 
lens  like  pieces  are  often  pretty  thick,  eveo.\M3d  mv 
inch  ia  their  centrej  or  become  aometimes  tvesiA^ 
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lobular.  The  leaflets  (xf  mica  are  always  wrapped 
round  them ;  and  when  we  break  schists  of  this 
kind,  as  they  always  cleave  in  the  middle,  these 
balls  or  nodules  of  quartz,  stand  out  on  the  frag- 
ment, and  present,  under  the  film  of  mica,,  a  re- 
semblance to  tumours  on  the  skin  of  an  animaL 
At  other  times  the  grains  of  quartz  are  so  smalls 
and  so  enveloped  in  the  micaceous  matter,  that  they 
cannot  be  discerned ;  in  which  case,  the  rock  seems 
to  consist  entirely  of  mica. 

The  mica  passes  frequently  into  talc,  and  the 
mica^chist,  into  talc-schist  One  of  the  most  strik- 
ing examples  of  this  transition  is  in  Auveigne,  near 
Saint-Semin,  on  the  road  from  Mauriac  to  Auril- 
lac.  The  mica-schist  there  graduates,  without 
changing  even  its  colour,  into  a  talcous  schist,  so 
unctuous  to  the  touch,  that  if  the  rock  slope  ever 
so  little,  it  is  difficult  to  stand  upright  upon  it. 
The  foot  slides,  aa  if  it  were  rubbed  over  with  soap. 
On  the  southern  slope  of  the  great  Alps,  from 
Monte-Rosa  to  Mont  Blanc,  the  predominant 
rock  is  talcous  schist,  but  it  becomes  at  intervals 
mica-schist,  and  exhibits  all  its  geognostic  charac- 
ters, in  other  respects. 

Mica-schist  is  oflen  studded  with  garnets.  Saus- 
sure  descending  the  Simplon  to  Duomo  D'Ossola, 
walked  on  a  path  that  was  almost  paved  over  with 
them,  standing  out  from  its  surface  like  heads  of 
nails.  .^  Humboldt  observed  them,  in  the  mica- 
,  schists  of  America,  but  they  were  not  so  numer^ds 
as  in  the  gneiss.  The  leaflets  of  the  mica  enclose 
the  crystals  of  garnet,  just  as  they  do  the  nodules 
^quartz. 
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■  As  mica-slate  differs  from  gndss,  chiefly  in  want- 
ing felspar,  so  it  readily  passes  into  that  rock  by  the 
admission  of  that  mineral. 

Mica-schist  is  very  distinctly  stratified  j  not,  how- 
ever, in  so  marked  a  manner  as  gneiss,  and  its  strata 
are  often  contorted,  and  folded  back  in  a  great 
variety  of  forms,  as  with  gneiss.     See  fig.  p.  103. 

Of  all  the  primitive  formations,  mica-schist  is  the 
one  which  contains  most  foreign  rocks ;  such  as 
beds  of  talc,  quartz,  garnets,  limestone,  &c.  Not 
only  does  it  alternate  with  gneiss  and  clay-slate, 
but  it  even  passes  immediately  into  these  rocks 
in' the  same  district,  and  sometimes  in  the  same 
stratum.  This  introduction  of  crystals  of  felspar, 
sometimes  gives  it  the  aspect  of  granite. 

Mica-elate  is  peculiarly  rich  in  metals,  which 
exist  more  frequently  in  beds  than  in  veins.  Gold, 
silver,  copper,  tin,  cobalt,  and  iron,  are  found  in  it. 

Mica-slate  is  perhaps  the  most  extensive  of  all 
the  primitive  strata,  at  least,  in  the  Alps,  in  France, 
Germany,  the  Highlands,  and  Islands  of  Scotland, 
&c.  In  the  Pyrenees,  the  formation  of  mica-scliist 
presents  a  long  ragged  belt,  resting  immediately  on 
granite,  and  much  less  extensive  than  it.  In  the 
north  of  Europe,  mica-slate  is  almost  as  abundant 
as  gneiss.  It  is  found  in  different  points  of  the 
mountains  of  the  United  States ;  and  has  been 
observed  near  Cumana,  by  Humboldt. 

3.  Clat-slate. — This  rock  is  well  known  from  its 

extensive  use  in  roofing  houses.     It  is  simple  in  its 

-   aspect ;  schistose  ;  in  the  cross  fracture  dull,  earthy, 

and  fine  grained.     It  is  opaque,  easily  leAuceA.  \.<i  * 

gray  powder,  whatever  be  its  colour  m  masa,  wsv^ 


r  ^^ 
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mfdtS'b«Cor«ith&  Idow^^  Wto  a  faJiiclqsh  fiooiia. 
Its  most  .urd^wy  ooloun  are  gray^  more  or  I^' 
dc^,  and  bluish-black,  or  sometimes  greenish-grigr. 
Iron  jis  its  usual  ,co^uring  principle;  but  in  l£e 
black  varieties^  there  is  carlxmaceous  matter.  The  • 
greater  number  of.  tl^e'clay-slates  split  very  readi^ 
into  thin  leaves,  sometimes  plane,  sometimes  more 
or  less  waved.  .  Thjsir  sujrface  is  occasionally  smooth, 
now  and  th^n.deqply  striated ;  and  dull,  or  shining 
with  a  pjsarly  pr  silH7  lustre* 

The  upper  micaceous  schists,  those  which  diflbr 
most  in  position  and  characters  from  gneifis^  appnr 
composed,  almost  entirely,  of  mica.  When  ita 
scales  become  more  compact,  and  separate  only  in 
thicker  leaflets,  it  passes  into  clay-slate.  M.  Cor- 
dier  observed  in  the  Pyrenees,  an  insensible  passage 
of  the  one  of  these  rocks,  into  the  other,  a  ftct 
noticed  by  Saussure,  Von  Buch,  and  many  other 
mineralogists.  In  these  cases  the  rock  must 
undergo  some  modification  of  its  constituents. 

This  is  the  most  distinctly  stratified  of  rocks ; 
and  its  Jblia^  or  tables,  are  parallel  to  the  fissures,  of 
the  stratification,  but  they  are  sometimes  so  con- 
torted or.  folded,  and  the  folds  continue  in  the  same 
direction  to  such  an  extent^  that  a  portion  of  the 
tables  comes  to  be  inclined  or  even  perpendicular  to 
the  stratification  in  a  part  of  the  bed.  There  are, 
however,  cases  where  the  rock  presents^/ta  oblique 
to  the  plane  of  its  beds.  A  remarkable  one  occurs 
In  Saxony,  four  miles  north  of  Freyberg.  The  moun- 
tain consists  of  very  distinct  layers,  mingled  .with 
much  limestone,  alternating  with  other  beds  impreg- 
nated with  plumb&go,  which  renders  \]hev^traL\ifi£aK^ 
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^00  very  manifest.  The  first  beds  split. asunder 
yeiy  readily,  forming  with  the  surface  of  superposi- 
tion an  angle  of  about  60°.  Count  Boumon  has 
remarked  that  several  schists  split  up  very  copimonly 
under  angles  of  60'  and  120°  ;  a  result  which  ,he 
thought  due  to  the  presence  of  mica. 

The  strata  of  the  clay-slate  formations  are  in 
general  highly  inclined  ;  a  position  into  which 
they  must  have  been  evidently  raised  by  eruptive 
force.  They  contain  a  great  number  of  foreign 
beds;  as  schistose  talc,  chlorite-schist,  lydian  stone, 
quartz,  and  limestone. 

Clay-slate  is  rich  in  metals,  particularly  its  modi- 
fication called  gray-wacke.  Its  distribution  on  the 
sur&ce  of  the  globe  is  very  extensive.  In  Scotland 
it  skirts  the  Highlands  from  Loch  Lonjond  by 
Callender,  Comrie,  and  Dunkeld.,  In  the  whole 
of  this  extensive  district,  it  rests  on,  and  graduates 
into  mica-slate.  On  the  continent  it  has  been 
traced  through  a  great  extent  of  country  j  Saxony, 
Bohemia,  Silesia,  Franconia,  Bavaria,  the  Alps  of 
Switzeriand,  Austria,  Hungary,  and  many  other 
parts  of  Europe.  It  is  found  abundMitly  in  the 
United  States,  and  in  immense  quantity  in  South 
America.  Nearly  the  whole  territory  between 
Potosi  and  Lima  is  said  to  consist  of  clay-slate. 
'  4.  Primitive  Limestone  is  always  granular,  of  a 
semi-crystalline  aspectjtranslucentqn  the  edges,  and 
in  colour  white  or  gray.  The  limestones  formed 
among  granite  and  gneiss  rocks,  are  usually  coarser 
grained,  than  those  associated  with  clay  slate.  They 
often  include  masses  of  mica  and  (Yuartz.  ^Tvinv 
tive  limestone  is  not  in  general  a  atral^&eA.  xoOk, 
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except  when  it  contains  mica,  to  whose  tabuhitecl 
structure  it  then  conforms.  It  often  contains 
metallic  treasures,  as  in  Saxony,  Silesia,  and 
Sweden.  It  is  pretty  extensively  distributed; 
existing  very  pure  in  Dalmatia,  Gre^e,  and  the 
Archipelago.  Paros  was  celebrated  for  its  primitive 
white  marble,  in  ancient  times.  Grreat  excavations 
exist  in  its  mountains,  of  which  the  celebrated 
grotto  of  Antipaf OS  is  an  example. 

Although  we  have  described  the  order  of  the 
above  primitive  strata  from  below  upwards,  to  be 
granite,  gneiss,  mica-slate,  clay-slate,  yet  with  the 
exception  of  granite,  that  order  is  often  violated. 
The  following  are  a  few  of  the  varieties  presented 
by  Dr.  Macculloch  in  his  Geological  Classification 
of  rocks. 

Grranite,  gneiss,  limestone,  quartz  rock ;  in  Glen 
Tilt.  Granite,  limestone,  quartz  rock,  mica-schist, 
gneiss  ;  in  Glen  TUt.  Hornblende  schist  also  occurs 
in  any  part  of  this  series. 

Granite,  clay  slate  with  fine  gray-wacke,  gneiss  ; 
in  lona  and  Banffshire. 

Granite,  gneiss,  primary  sandstone — Sutherland. 
Granite,  mica  slate,  secondary  strata. 

Clay-slate,  gneiss,  clay-slate.  Islay  and  Ross- 
shire. 

5.  Porphyry.  This  title  comprehends  a  consid- 
erable variety  of  rocks,  all  of  which  present  amidst  a 
principal  mass,  crystals  or  crystalline  grains  distinct 
from  it,  but  which  are  of  contemporaneous  forma- 
tion. The  basis  or  paste  differs  in  its  mineral 
nature,  but  is  homogeneous  to  the  eye,  and  the 
crystals  which  it  principally  coulain^  at^  feVs^M, 
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There  is  a  considerable  affinity  between  porphyry 
and  granite  ;  and  the  two  rocks  mutually  pass  into 
each  other, 

6.  SiENiTE,  is  a  granite,  in  which  the  mica  is  cpm- 
monly  replaced  by  hornblende ;  with  sometimes  a 
little  mica.  It  is  named  from  Syene  in  Upper 
Egypt,  where  the  ancients  quarried  it  in  immense 
blocks.  The  contrast  of  the  wliite  felspar  and  black 
hornblende  gives  it  a  pleasing  aspect. 

7.  Greenstone,  is  similar  to  sienite,  only  the 
hornblende  is  usually  in  larger  proportion. 

From  the  very  considerable  inequalities  in  the 
primitive  strata  that  cover  the  globe,  we  may  con- 
clude, that  they  could  not  be  the  result  of  a  depo- 
sition from  one  primordial  fluid,  as  Werner  affirmed ; 
but  that  they  were  distributed  originally  in  that 
order  and  form  which  the  Author  of  Nature  saw 
fit},  so  that  like  the  integuments  of  animal  and 
vegetable  bodies,  amid  a  general  plan,  there  is  that 
variety  and  choice  which  indicate  the  volition  of 
intelligence.  In  our  subsequent  inquiries  into  the 
progressive  changes  developed  on  the  crust  of  the 
globe,  we  shall  perceive  the  same  system  of  special 
.design  and  adaptation. 

We  shall  next  proceed  to  advance  evidence,  in 
proof  of  granite,  porphyry,  sienite,  and  greenstone, 
the  non-stratified  and  overlying  rocks,  being  results 
of  projective  eruption  ;  whence  it  may  be  inferred, 
that  the  mighty  mountain  erections  of  the  earth, 
all  intimately  connected  with  these  rocks,  have  been 
upheaved  by  internal  force,  when  God  bade  the  dry 
land  appear,  and  hollowed  out  the  oceatv  eVvaiWW^V^. 
And  on  this  subject  I  have  the  satisfactiotv  Vo  te^^x 
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to  a  faithful  and  sagacious  practical  geologist  I 
allude  to  Dr.  Macculloch,  whose  researches  among 
the  primitive  mountain  fa9ades  of  Scotland  have 
enabled  him  to  present  a  body  of  geological  truths, 
worthy  of  entire  confidence.  The  phenomena  of 
Scotland,  are  not  peculiar,  but  analogous  to  those 
observed  by  continental  geologists. 

The  unstratified  rocks  are  usually  of  a  crystalline 
structure.  They  may  be  divided  into  two  great 
classes ;  the  one  seated  beneath,  over,  or  among  the 
primitive  schists ;  the  other  Ijring  above,  or  diiHised 
between  the  medial  and  superior  formations  of  a 
later  epoch.  The  former  appertain  chiefly  to  the 
first  period  of  creation,  before  organic  bodies  were 
formed;  thq^ latter  belong  to  the  whole  interval 
between  the  creation  and  the  present  time. 

8.  Granite  stands  at  the  head  of  the  first  group  of 
rocks.  It  consists  of  grains  of  felspar,  quartz  and 
mica  immediately  and  intimately  aggregated  toge- 
ther. The  felspar  almost  always  predominates  in 
the  mixture ;  while  the  mica  exists  in  least  quan- 
tity. Yet  nothing  absolute  can  be  pronounced  con- 
cerning  these  proportions,  as  they  are  subject  to  great 
variations.  Sometimes  the  mica  diminishes,  and 
eventually  disappears  in  one  portion  of  a  granitic 
mass.  The  grains  which  compose  this  rock  ought 
to  be  regarded  as  imperfect  crystals,  which  have 
mutually  interfered  witli  each  other,  during  their 
formation;  the  necessary  space  being  wanting  for 
their  surface  to  assume  their  appropriate  geometrical 
figures.  They  betray  however,  at  times,  their  ten- 
dency to  acquire  these  forms.     Thus  felspar  occurs 

psnite  as  a  regular  four-svded,  or  ^\^-s\i^ed^Tv^TO  \ 
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quartz  as  a  double  six-sided  pyramid,  and  mica  in 
a  six-sided  plate.  In  Siberia,  mica  is  found  occa- 
sionally in  granites,  in  plates  large  enough  to  serve 
for  window  panes.  On  the  other  hand,  the  grains 
diminish  sometimes  in  size,  so  as  to  be  no  longer 
discernible  by  the  eye,  constituting  a  homogeneous 
looking  mass.  The  colour  of  the  felspar  deter- 
mines the  appearance  of  the  rock ;  whence  proceed 
red,  gray,  white,  and  other  granites. 

Quartz  and  felspar  imperfectly  crystallized,  and 
influencing  each  others  forms,  produce  an  appear- 
ance of  oriental  manuscript.  Such  a  stone  is  called, 
graphic  granite.  This  variety  occurs  exclusively  in 
veins,  particularly  in  those  which  traverse  gneiss. 
The  felspar  is  often  greatly  predominant.  Quartz 
and  hornblende  combined,  as  well  as  felspar  andhom- 
blehde,  are  found  in  granite  localities,  and  therefore 
belong  to  the  same  rock,  which  distinguishes  them 
from  the  greenstones  of  the  trap  family,  or  from 
basalt.  These  varieties  dccur  in  Aberdeenshire, 
where  they  are  connected  with  common  granite 
subjacent  to  gneiss,  both  by  transition  and  alterna- 
tion, circumstances  decisive  of  their  geological  cha^ 
racter.  A^en  distinct  additional  crystals  of  fel- 
spar are  imbedded  in  the  general  mixture,  porphy- 
ritic  granite  results,  of  which  rock  many  remark- 
able examples  are  found  in  Cornwall.  Quartz, 
felspar,  and  hornblende  form  a  common  mixture  in 
some  granitic  localities  of  Scotland.  To  these,  mica 
is  occasionally  added. 

Mica  and  compact  felspar,  sometiiries  containing 
garnets,  constitute  white  stone.   ScVvoiY  ^wdi  c^;k3Ax\?k;^i 
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occasionally  with  fdsp^,  compose  the  schod.rod(;(if ' 
Cmnwall,  which  belongs  to  the  granite  fonnation. . 
.   Serpentine  may  be  here  mentioned,  as  fonniiig  ~ 
irregular  masses  included  among  ithe  primary  strata^ 

Under  granites  also  we  must  include  those  vemq 

which  proceeding  from  them,  traverse  the  adjoining 

rocks,  together  with  those  similar  veins,   whicH 

though  of  the  same  mineral  composition,  cannot  ]bQ 

•    traced  in  the  same  manner  to  a  fountain  head. 

Granite  masses  often  extend  ov^r  great  spaces 
without  any  definite  form ;  they  resemble  immensqi 
square  beds,  separated  by  fissures  or  joints,  whidi; 
the  inexperienced  have  sometimes  mistaken  for 
strata.  At  other  times  the  blocks  are  piled  over 
one  another  in  a  huge  masonry  ;  with  their  angles 
worn  by  the  weather.  Such  great  blocks  are  some- 
times seen  standing  on  edge,  with  their  summits^ 
peaked.  Notliing  of  this  kind  can  surpass  in  mag- 
nificence the  gigantic  spires  of  granite  reared  round 
the  slopes  of  Mont  Blanc. 

Granite  is  one  of  the  rocks  most  abundantly  dis- 
tributed over  the  surface  of  the  globe,  yielding  in 
extent  only  to  mica  slate.  In  the  Pyrenees,  it 
,  forms  on  the  northern  slope,  nearly  from  the  sum- 
mit, a  band  from  one  to  four  leagues  broad,  which 
constitutes  in  some  measure  the  mineral  axis  of  the 
chain.  To  the  south-east  of  France,  it  composes  widi 
the  other  primitive  formations,  the  greater  part 
of  the  districts  of  the  Vivarais,  Dauphiny,  Au- 
vergne,  limosin,  and  a  portion  of  Bourgogne.  To 
\^  the  east,  the  Vosges  are  in  some  measure  composed 
of  it.     In  the  Erzgebirge,  in  Saxony,  it  seems  to 
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fonn  two  principal  6elds  ;  one  serving  as  a  founda- 
tion to  the  gneiss,  mica-slate,  and  clay-slate ;  the 
other  superposed  above  them.  The  granite  appears 
to  form  the  body  of  the  Riesengeburge  chains  of 
mountains  in  Silesia,  and  of  the  Hartz  mounbuns. 
Along  with  gneiss  and  mica-slate,  it  composes  the 
substance  of  the  Alps.  The  summits  of  some  of  the 
highest  mountains  in  Scotland,  and  the  central  part 
of  the  Grampian  range,  consist  of  granite.  It  is 
rarer  in  England,  occupying  a  moderate  space  in 
Cornwall. 

In  Asia,  according  to  Pallas,  it  forms  a  band  in 
-the  middle  of  Caucasus,  the  Ural  mountains,  and 
most  of  the  great  elevations  of  the  Russian  Empire. 
It  appears  also  that  the  Himmalaya  mountains,  the 
Imaus  of  the  ancients,  which  are  the  highest  in  the 
globe,  are  formed  of  gneiss,  with  a  few  granitic 
rocks.  Granite  constitutes  the  under  part  of  the 
Table  mountain  at  the  Cape  of  Good  Hope.  /In 
Mexico,  it  has  been  seen  only  near  the  coasts  of 
Acapulco.  On  the  great  plateau,  or  lofty  table  land, 
it  is  covered  by  enormous  porphyritic  masses,  or 
rather  is  changed  into  them.  On  the  high  Andes 
of  South  America,  it  is  almost  always  concealed 
under  strata  of  gneiss,  mica-slate,  &c.  In  general, 
granite  does  not  rise  higher  than  6  or  7  thousand 
feet  J  but  it  abounds  in  mountains  of  moderate 
elevation,  and  in  the  low  districts  of  Venezuela, 
Parima,  &c.  It  descends  even  to  the  plains  nearly 
■on  a  level  with  the  sea.  Of  this  the  banks  of  the 
Oronoco,  and  the  coasts  of  Peru  afford  examples. 

The  unstratified  rocks  of  more  moiertv  toTmai-  ^ 
tion,  have  been  called,  overlying,  by  T)t.  "NVasicxi^ 
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loch*  The  several  individual  compounds  of  thk 
family  are  basalt,  greenstone,  wadce,.  daystone^ 
clinkstone,  syenite,  augite  rock,  h3rpersthene  rock, 
porphyiy,  amygdaloids,  conglomerates,  pitehstone ; 
of  which  the  chief  mineral  constituents  are  felspar,, 
hornblende,  and  augite. 

The  rocks  of  this  variegated  class  form  tracts  of 
very  various  extent  in  different  countries :  yet  they 
are  not  so  generally  difihsed  as  either  the  primaky 
or  secondary  stratified  rocks.  They  seem  ratiier 
to  be  partial  and  independent  formations,  but  thfay 
are  usually  connected  with  elevations  of  the  sur- 
face which  are  often  very  abrupt.  Their  masses 
are  generally  irregular,  having  sometimes  a  slight 
semblance  of  stratification.  The  vertical  edges  of 
the  successive  beds,  pi*oduce  that  step-like  appear- 
ance in  the  outline  of  the  land,  to  which  the 
Swedish  name  Trap  (stair)  has  been  given.  These 
rocks  also  occur  very  frequently  in  veins ;  which 
at  some,  times  are  traceable  to  the  larger  masses, 
and  at  others  appear  insulated.  They  have  bete 
found  in  contact  with  every  rock,  from  granite, 
upwards  to  some  of  the  most  recent  of  the  secondary 
strata.  In  granite  they  occur  only  in  veins  ;  when 
in  mass,  they  surmount  it.  But  among  the  stratified* 
Todcs,  both  primitive  and  secondary,  they  intrude 
in  veins,  as  well  as  in  masses,  which  when  partially 
viewed,  appear  to  be  beds.  But  the  parallelism  to 
the  other  strata  is  not  long  maintained,  the  tabular 
mass  passing  up  or  down  into  a  different  stratifica^ 
tion. 

In   the  tracts  of  an  uniformly  low  level,  the 
unstratified  rocks  rarely  exist  at  aJ\.    TV\e>j  «xe 
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therefore  the  concomitants,  and,  as  we  shall-  see, 
most  frequently  the  causes  of  elevations  of  the 
land.  It  is  usually  said  that  granite  forms  the 
highest  peaks  and  ridges  of  the  mountain  ranges  ; 

.to  this  position  there  are,  however,  very  many 
exceptions,  where  gneiss  and  mica^Iate  invest  the 
summits.  The  unstratified  rocks  seldom  occupy 
extensive  uninterrupted  spaces  on  the  surface  of 
Ae  globe  J  portions  of  the  strata  intervene  and 
allow  the  granite  to  pass  up  only  in  distant  points. ' 
Thus,  in  Scotland,  we  shall  find  a  patch  of  granite 
irfa  few  yards  diameter,  separated  by  many  miles 
from  another  appearance  of  the  rock  j  a  fact  observ- 
able also  with  traps. 

This  occasional  appearance  has,  however,  a  dif- 
ferent cause  in  the  two  cases.  By  examining 
sections  of  the  strata,  we  shall  find  the  granite 
merely  sinking,  and  stretching  beneath  the  surface 
to  its  next  point  of  emergence,  which  occurs 
by  the  denudation  or  disruption  of  the  stratiform 
layers.  With  trap,  on  the  other  hand,  there  is  a 
teal  discontinuance  of  the  rock.  We  are  hence  led 
to  conclude  that  the  one  set  of  the  unstratified 
rocks  is  inferior  to  the  strata,  and  the  other  is 
superior,  or  at  least  becomes  so  in  appearance. 
Occasionally,  indeed,  the  former  set  assumes  also 
»n  overlying  position. 

The  former  class  of  the  unstratified  rocks  is 
alwa^  so  irregulw-  that  we  cannot  predicate  their 
continuity  to  any  distance,  near  the  surface,  nor  at 

'  all  with  regard  to  trap. 

The  relative  antiquity  of  the  mem\«T%  m  «&"3 
continuous  series  of  supeijacent  strata,  \s  Vft?««^ 
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from  their  inferiority ;  and  geology  can  distingoiih 
certain  revolutions,  corresponding  to  relative  por- 
tions of  time,  at  which  they  were  effected.  But 
with  regard  to  the  unstratified  rocks,  their  relative 
antiquity  must  be  judged  of  by  other  criteria.  It. 
is  by  the  transmission  of  veins,  from  a  granitic  masSy 
for  example,  into  an  adjoining  stratum,  that  the 
pre-existence  of  the  stratum  is  determined,  and  the 
posteriority  of  the  granite.  This  evidence  is  irre- 
sistible. On  this  principle,  a  mass  of  granite  is 
posterior  in  origin  to  every  stratum  in  a  series  which 
is  transpierced  by  its  veins,  or  dislocated  and  dis- 
turbed by  it. 

In  tracing  the  relative  antiquity  of  two  masses  of 
granite,  we  must  examine  whether  the  veins  of  one 
mass  penetrate  the  body  of  the  other.  Now  this  is 
actually  the  case ;  and  therefore  it  is  clear  that 
granite  has  been  produced  at  successive  periods. 
Even  tliree  periods  have  been  proved  by  Dr,  Mac- 
culloch*s  observations ;  but  here  considerable  com- 
plexity is  introduced. 

"  The  fact  of  even  two  generations  of  granite," 
says  he,  "  is,  however  important,  in  that  view  which 
considers  it  as  having  been  the  immediate  cause  or 
concomitant  of  the  elevation  of  the  strata.  It  is 
easy  to  demonstrate  that  the  strata  have  actually 
been  .elevated  at  successive  periods,  in  such  a  manner 
as  to  prove,  that  the  inferior  series  was  twice  moved ; 
and  the  theory  of  granite  provides  the  means  of 
producing  both  the  effects  as  easily  as  the  one.** 

If  veins  consisting  of  granite  or  trap,  have  not 
Iways  been  traced  to  masses  of  these  rocks,  that 
w  been  done,  in  at  least  the  far  greatet  toot^jw  oi 
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instances,  where  the  inquiry  has  been  properly  con< 
ducted.  But  the  parent  body  may  be  too  deep- 
seated,  and,  therefore,  invisible.  This  fact  is  shown 
in  Dr.  Macculloch's  account  of  Sky.  He  has, 
moreover,  traced  the  sources  of  all  those  veins  in 
Scotland,whichwere  formerly  deemed  independent. 
We  are,  therefore,  warranted  to  conclude,  that  all 
such  veins  are  processes  from  masses  of  the  rocks 
whose  character  and  constitution  they  bear.  When 
the  veins  are  very  large,  indeed  they  may  run  to 
such  a  distance  as  to  appear  independent ;  trap  veins 
having  a  much  longer  course,  from  its  easier  fusi- 
bility, than  those  of  granite,  a  far  more  refractor}' 
body.  The  larger  trap  veins  extend  several  miles 
in  length ;  and  indefinitely  downwards  to  the 
origin  of  the  molten  mass.  But,  with  granite  veins, 
all  the  dimensions  can  often  be  readily  traced. 
Trap  veins  rarely  ramify  j  granite  veins  very  often ; 
whence  we  infer  that  their  generation  has  differed 
in  some  essential  circumstance  with  regard  to  the 
condition  of  the  invaded  strata.  Numerous  circum- 
Stances  in  the  older  strata,  as  gneiss  and  mica-slate, 
prove  them  to  have  been  at  the  period  of  their 
erection  in  a  flexible  state.  These  are  the  rocks 
chiefly  invaded  by  the  granite ;  and  such  limited 
and  tortuous  fissures  are,  in  Dr.  Macculloch's  esti- 
mation, precisely  what  might  be  expected  from  an 
imperfect  rigidity  of  the  strata.  The  strata  invaded 
by  the  trap,  however,  rarely  contain  indications  of 
flexibUity,  and  would,  therefore,  yield  more  readily 
to  the  injecting  impetus  ;  whence  the  fissures  would 
be  straighter  and  more  extensive. 
Most  apposite  coniirmations  of  this  \\e.Ni  ol  \3r^ 
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strata ;  on  those  which  yield  most  easiif  to  jbl  fm^ 
foratmg.  agent,' and  those  which  obstruct ttul' turn 
it  aside,  are  presented  in  some  of  the  veins  of  the 
Western  Islands,  at  in  Lunga,  ^mdebewhera  '  »Aa 
the  veins  of  triq)  are  most  frequently  of  large  dimnk 
sions,  aa  they  are  in  general^  either  vertical,  it 
inclined  at  hi^  aisles  to  the  horizon.  Thus  thegr 
probably  indicate  by  both  circumstances,  the  great 
depths  at  which  the  parent  ma9ses  tie,  and  tiw 
nature  and  place  of  the  force  which  produced  the^ 
fissures.^  They  occur  also  often  under  low  angiea; 
Instead  of  breaking  across  the  planes  of  the 
strata,  these  granite  and  trap  injections  sometimes 
spread  out  between  them,  forming  in  the  case  of  the 
quickly  consolidating  granite,  thick  masses,  and  in 
that  of  the  more  fusible  trap,  coulees,  or  extensive 
laminae.  A  hasty  view  of  such  appearances  has 
given  rise  to  the  notion  of  trap  and  granite  being 
stratified.  .'  :.. 


Many  chemicalaod 
mechanical  changes 
occur  in  the  includ- 
ing strata  at  the  place 
where  they  are  tra- 
versed by  veins,  whe- 
ther these  be  of  trap 
or  granite.  The  fi- 
gure on  the  margin 
exhibits  gneiss,  shifted  by   a  granite  vein  in  the 

island  of  Col. 

"  As  it  is  apparent,**  says  Doctor  MaccuUoch, 
'*  that  granite  has  been  in  a  state  of  ftu\d\t>f  )acTv^iax!s\ 


ORIGIN  OF  TRAP  ROCKS.  119 

the.  strata,  and  that  duiing  this  state  these  have' 
been  elevated,  in  an  irregular  manner,  it  is  easy  to 
account  for  the  irregularity  of  its  general  surface, 
or  for .  the .  partial  way  in  which  it  is  fouQd  distri- 
buted on  the  earth's  >3upei:ficies.  The  consequence 
of  the  unequal  elevation  of  the  strata^  was  to  pro- 
duce those  interior  inequahties  that  have.been  filled 
by  the  yieldingxnass  which  was  the  iramediatccause 
of  that  fracture,  and  the  concomitant  of  the  force 
exerted.  The  production  of  the  veins  is  another 
obvious  consequence  of  the  fractures  or  discontinui-. 
ties  formed  by  the  displacement  of  the  strata.  It 
must  be  remembered,  however,  that  the  actual  ap- 
pearance of  granite  at  the  surface  of  the  earth  is. in 
most  cases  the  consequence ,  of  anoliier  train  of 
dSects,  consisting  in  the  waste  of  those  parts  of  the 
strata  with  which  it  was  once  coyered  ;  a  waste  of 
which  the  whole  globe  bears  unquestionable  evi- 
dence. From  the  progressive  state  of  that  waste,  it 
follows  that  the  apparent  quantity  of  granite  on 
the  earth  must  be  constantly  increasing,  although 
itself  subject  to  decay ;  and  if  it  really  be  the  basis 
(or  foundation)  of  all  the  stratified  rocks,  it  is  pos- 
sible to  conceive  that  the  higher  parts  of  the  earth 
might  at  some  future  but  exceedingly  remote .  pe- 
riod, contain  only  granite.'* 

We  must  seek  the  origin  of  the  trap  rocks  in 
the  same  regions  that  produced  granite.  That  this 
is  really  their  source  is  proved  by  the  masses  that 
lie  beneath  or  among  the  strata,  by  the  depth  and 
magnitude  of  their  veins,  and  by  the  marks  of 
force  which  accompany  their  lines  o?  eoivXaicX,  V\\\\ 
the  strata.     If  any  further  doubt  covXOi  e^\^\^  V^. 
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would  be  removed  by  the  phenomena  of  vofcanaes; 
The  substances  which  these  produce  are  not  onl^ 
strictly  analagous,  in  all  their  essential  characteiir 
to  some  of  the  tn^  rocks,  but  often  undistinguisb* 
able.  The  variations  that  appear,  admit  of  aft 
easy  explanation  from  obvious  causes  of  difference. 
These  rocks  having  passed  through  the  strata  flow 
over  them  in  certain  cases ;.  while  in  many  others 
there  is  reasQn  to  suppose  from  the  efiects  following' 
the  earthquakes  that  accompany  them,  that  they 
have  intruded  among  the  strata  beneath  the  surface 
so  as  to  have  produced  those  well-known  perma- 
nent elevations  of  the  land,  found  in  volcanic  coun- 
tries. That  they  elevate  the  superficial  strata,  is 
also  fully  proved  by  the  phenomena  attending  the 
volcanic  Coral  islands. — See  Book  iii.  Chap.  ii. 
Sec.  i. 

It  is  in  the  deeper  regions  of  the  globe,  therefore, 
that  we  must  seek  the  origin  of  trap  ;  where  we 
found  that  of  grsnite.  These  substances  are  essen- 
tially of  the  same  nature,  but  they  have  been  pro- 
duced at  distant  intervals.  In  accounting  for  the 
present  superficial  position  of  trap  we  are  provided 
with  two  resources ;  that  of  its  flowing  out  in  the 
manner  of  lava,  so  as  to  cover  the  strata,  and  the 
final  removal  of  these,  so  as  to  leave  bare  that  which 
was  once  concealed  beneath  them. 

In  the  district  of  Morven,  a  mountainous  mass  of 
trap,  rising  to  twelve  or  fifteen  hundred  feet,  meets 
a  similar  mountain  of  gneiss,  in  a  line  not  far  devi- 
ating from  the  perpendicular  :  its  base  being  lost 
beneath  the  sea.  Here  the  gneiss  reposes  on,  or 
meets  the  trap,  precisely  as  it  would  me^^t  ^  xa'8i»& 
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of  graiiite,  and  is  in  the  same  manner  disturbed  at 
the  hne  of  junction'.  This  trap  mass  is  indeed  con- 
nected with  a  portion  that  covers  secondary  strata, 
and  which  may  be  considered  as  its  effiised  portion. 
But  this  part  is  fast  wasting  away ;  and  the  time 
may  arrive  when  the  trap  of  Morven  shall  present 
all  the  geological  appearances  of  "granite.  Had  it 
accidentally  possessed  the  granitic  mineral  charac- 
ter of  some  of  the  syenitic  traps  of  Sky,  it  would 
then  be  supposed  an  unerupted  rock,  and  a  true 
granite  by  the  Neptunists. 

Similar  appearances  occur  in  Sky,  where  masses 
of  trap  that  seem  interminable  downwards,  pass 
through  the  secondary  strata,  just  as  granite  trans- 
pierces the  primary.  One  of  these  sheets  is  many 
miles  in  diameter ;  and  did  neither  Sky  nor  any 
other  district  preserve  the  vestiges  of  erupted  and 
overflowing  trap,  it  might  here  also  be  argued  that 
such  matter  could  not  have  been  ejected  from  below. 

There  is  in  Sky,  a  mass  of  trap,  indefinite  in  depth, 
and  of  a  conoidal  form,  in  a  fair,  and  deep  section : 
It  is  covered  by  the  secondary  strata,  which  are  so 
'bent  over  it,  as  to  be  conformed  to  its  shape.  Here 
is  a  case  exactly  analogous  to  that  of  an  apparently 
unerupted  granite.  When  in  the  progress  of  waste, 
its  summit  shall  become  naked,  it  will  present  the 
semblance  of  unerupted  trap,  with  the  strata  con- 
forming to  it  on  every  side,  just  as  the  primary 
strata  are  found  to  flank  mountains  of  granite. 

The  volcanic  elevations  of  strata  without  eruption, 
present  analogies  to  the  protrusions  of  granite  in 
mountain  ridges,  carrying  up  the  prirnvtwie  ^ta^Sa. 
without  bursting  through  them,  so  as  \o  onc^oni  . 
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In  fiiet;  the  thickness  and  flexibility  of  these  ptip^ 
tiive  starata  afford  a  sufficient  reason  for  this  remdL 
Eyen^iiie  rigid  sandstones  of  Sky  have  receded 
before  the  pressure  of  the  trap ;  and  much  mm% 
readily  would  the  pliant  primary  schists,  yield  befoM 
granite. 

The  admirable  crystalline  structure  of  gtamt^ 
proves  it  to  have  lain  longer  under  the  influence  of 
heat  than  the  trap  rocks.  This  structure  can  be 
produced' in  our  laboratories,  by  prolonging  the. 
semifluid  state  of  fused  traps ;  a  condition  to  whicjb 
volcanic  rocks  are  liable,  from  slow  cooling  in  mass.  ^ 
Where  granite  has  been  actually  erupted,  the  rocks 
which  it  involved  may,  by  long  exposure  to  its 
action  in  the  ignited  state,  have  been  converted  into 
its  nature.  '*  An  instance  occurs  in  Cantyre,  as  well 
as  on  the  continent  of  Europe,'*  says  Dr.  Maccul- 
loch,  "  where  the  gradual  conversion  of  a  schistose 
rock  into  porphyry,  under  similar  circumstances,  is 
proved  in  a  most  unquestionable  manner.*' 

That  granite  has  overflowed  the  strata,  like  trap,, 
is  rendered  probable  by  the  fact  of  granite  lying 
above  shell-limestone,  in  Norway,  as  observed  by 
Von  Buch.  No  witness  can  be  less  liable  to  sus- 
picion than  the  person  who  originally  resisted  the 
theory,  which  his  own  statements  have  demon* 
strated  to  be  true. 

"To  limit  the  term  granite,"  says  Dr.  Macculloch, 
<*  to  the  sole  compound  of  quartz,  mica  and  felspar 
is  merely  to  abuse  a  mineralogical  term,  for  the 
purpose  of  evading  a  geological  inference.  In  a 
geological  sense,  every  rock  must  be  considered  a 
granite,  which,  whatever  \ts  cotiiipo«A\AOTv  tx\wj  \jfc^ 
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forms  a  poEtion  of  a  common  mass  of  that  rock  in 
its  most  acknowledged  character."  ^ 

Iq  Aberdeenshire^  the.leadiogvarieties  of  gramte 
accord  with  th&  most  rigid  mineralogical  definition  ; 
while  the  superposition  of  gneiss  overa  very  exten- 
'  sive  tract. of  t^at  rock,  can  be  traced  with-  the 
^eatest  facility.  But  in  many  places,  a  variety  of 
this, granite  occurs,  composed  of  felspar  and  -horn- 
blende, which  passes  into  the  ordinary  kind,  either 
by  the  usual  fourfold  compound  of  hornblende, 
quartz,  mica,  and  felspar,  or  the  threefold  one  of 
hombLende,  quartz,  and  felspar  j  to  both  of  which, 
the  term  syenite  has  sometimes  been  applied.  The 
continuity  and  gradation  of  all  these  compounds, 
and  their  inferiority  to  the  primary  strata,  can  be 
traced  without  the  slightest  difficulty.  In  examiii< 
ing  more  minutely  the  binary  compound  just  men- 
tioned, it  is  observed  in  many  places  to-  assume  a 
fine  grain,  and  thus  at  length  it  becomes  uodistin- 
guishable  from  the  greenstones  of  the  trap  ■  family. 
But  the  similarity  does  not  cease  even' here  j  since 
in  many  places  it  passes  in  the  same  uninterrtlpted 
manner,  into  basalt,  and  at  length  into  soft  clay- 
stone,  with  a  schistose  tendency  on  exposure,  differ- 
ing in  no  respect  Irom  the  trap  islands  of  the  west 
coast  of  Scotland. 

"  Similar  phenomena  have  been  observed  in 
Shetland.  There  is  nothing  wanting,  therefore,  to 
prove  identity  of  origin  in  granite  and  trap.  Nor 
is  it  likely  that  geology  will  furnish  evidence  of  a 
more  decided  nature.  This  is  one  of  the  cases  in 
science,  where  a  few  good  examples,  are  as  saJosJiaii. 
toryas  a  thousand/' 
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We  have  perfect  evidence  of  succesdve  fona^ 
tions  of  trap  rocks»  from  the  drcumstance  of  one 
trap  vein  being  penetrated,  and  even  traversed  by 
another.  Many  examples  of  this  &ct  may  be  found 
in  Dr.  MaccuUoch's  Western  Islands. 

The  elevation  of  Coral  islands  like  Ascension^ 
above  the  level  of  the  sea,  proves  that  additions  of 
sohd  matter  have  been  made  to  the  strata  beneath 
them,  as  there  is  no  other  mode  of  solving  this  phe» 
nomenon ;  while  the  actual  eruption  of  volcanoes 
in  the  neighbouring  parts  of  the  ocean,  leaves  aa 
doubt  with  respect  to  the  cause  of  that  elevation. 

If  in  such  cases  as  this,  we  conceive  the  surface 
soil  to  be  removed,  as  it  will  be  at  some  future 
period,  we  should  probably  find  many  places,  where 
the  appearances  would  resemble  those  produced  by 
granite ;  that  is  to  say,  masses  of  fused  matter, 
which  having  been  repressed  by  the  solid  strata  at 
top,  did  not  burst  through  and  flow  over  them. 

The  masses  of  trap  now  found  in  contact  with 
different  strata  in  the  series  of  mineral  formations, 
may  have  been  actually  erupted  at  different  periods^ 
and  not  the  consequences  of  a  single  deposit  on 
rocks  of  different  natures,  which  has  been  separated 
into  distinct  parts  by  the  effect  of  waste.  It  is  not 
a  little  remarkable  that  two  deposits  of  trap,  of 
which  the  distant  succession  is  proved  by  appear- 
ances that  cannot  be  mistaken,  are  found  in  the 
same  place ;  a  phenomenon  exactly  similar  to  the 
renewal  of  volcanoes  at  distant  intervals,  among 
the  ruins  of  those  long  since  extinct  It  must  thus 
be  apparent,  that  whatever  differences  ^ay  exist 
between  trap  and  granite,  whether  Va  \h«\v  TeV^Xxoxva 
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to  the  strata,  or  their  mineral  characters,  they  are 
strikingly  analogous  in  almost  every  essential  gene- 
ral circumstance,  and  that  the  former  may,  in  a 
certain  sense,  be  considered  as  a  recent  granite ;  as 
the  granite  of  the  newer  strata.* 

Thephenomenon  of  quartz-veins  in  granite,  gneiss, 
mica-schist,  as  also  sometimes  in  secondary  rocks ; 
and  of  calcspar  veins  in  limestone,  serpentine, 
argillaceous-schist,  shale,  some  sandstones,  and  trap, 
have  afforded  subjects  of  many  a  frivolous  contro- 
versy, to  the  rival  partisans  of  Werner  and  Hutton. 
The  veins  are  adduced  by  the  former  theorists  in 
proof  of  the  watery  origin  of  the  rocks  which  they 
pervade ;  and  by  the  latter,  they  are  regarded  as 
an  igneous  secretion  or  separation  from  the  rocks, 
during  their  cooling  and  consolidation.  Neither  of 
these  conclusions  will  be  received  by  the  geological 
observer.t  , 

The  infiltration  of  quartz  and  of  carbonate  of 
lime  in  aqueous  solution,  through  rocks,  is  proved 
by  the  formation  of  chalcedonies,  quartz-crystals, 
and  calcareous  spar,  in  the  inflated  cavities  of  trap 
rocks  ;  and  may  be  traced  through  every  stage  of 
the  process. 

If  any  further  evidence  of  the  aqueous  origin  of 
chalcedonies  and  agates  were  wanted,  it  has  been 
afforded  by  Dr.  MaccuUoch  in  an  ingenious  paper 
on  the  vegetable  remains  preserved  in  these  siliceous 
minerals,  published  in  the  3d  volume  of  the  Trans- 
actions of  the  Geological  Society.  It  is  there 
shown  that  the  mode  in  which  the  delicate  vege- 

*  Dr.  Macculloclh^oumal  of  Science,  htlu.  \  'W^^* 
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tables  thm  become  involved,  U.  p^ectly  aomple  and 
consistent  with  the  production  of  chalcedony.  But 
wre.must  distinguish  .these  real  cases,  from  psoido- 
^edmens  of  bl»ck.  arborizations,  produced  by  the 
oxides  of  manganese  >:and  iroa,  or  by  diloi^ew 
Vegetable  matter  may  be  easily  discovered  by  mix- 
ing  a  portion  of  the  ground  mocha-atone  with  i 
little  black  oxida-of  copper,  exposing  the  mixture 
to  heat.in  a  ^ara  tube  which  is  sealed  at  one  end, 
and  dips  at  ite  other  into  lime-wiU»r  contained  in  a 
phial.  -  If  woody  fibre  be  present,  air-bubblee  of 
carbonic  acid  will  come  forth,  and  make  the  limie- 
water  milky. 

The  wood-engraving  represents 
apparently  a  hypnum,  occmring 
in  chalcedony. 

When  real  confervae  are  present, 
the  vegetable  form  is  so  perfectly 
I  preserved,  that  the  plant  seems  to 
'.  float  freely  as  if  in  its  liquid  ele- 
ment     Even   tlie    green    often 
retains  its  lively  hue.     Some  of 
die  larger  species  of  plants  enchas- 
ed in  chalcedony  have  been  deter- 
mined.   Daubenton  describes  the 
Lichen  rangiferinus,  and  digitatus, 
plants  possessed  of  forms  which 
^  no  minerals  could  imitate.' 

We  are  ever  too  apt  to  measure  the  powers  of 
natureby  the  standard  of  our  own  puny  means;  and 
when  we  cannot  eflect  a:  process  in  a  certain  way, 
pronounce  it  to  be  impossible.  Geology  has  been 
^Jvatfy  vitiated  by  this  presumptuoiis  ^toceiute. 
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Not  only  has  an  aqueous  liquid  been  found  in 
the  centre  of  quartz,  but  a  group  of  moveable 
crystals  of  carbonate  of  lime,  is  to  be .  seen  lying 
in  a  fluid  in  a  cavity  of  crystalline  quartz  from 
Quebec,  now  in  the  possession  of  Mr.  Allan  of 
Edinburgh. 

Sulphate  of  barytes  refuses  to  dissolve  in  the 
Laboratory.  But  native  specimens  occur  contain* 
ing  an  aqueous  fluid  which,  when  exposed  to  the 
air,  concretes,  so  that  each  drop  of  fluid  becomes  a 
crystal  of  sulphate  of  barytes.  Mr.  Nicolj  in  Brew- 
sterns  Journal^  vol.  V.  p.  1S5.  Similar  crystals 
may  indeed  be  formed  either  by  water  or  fire. 
Crystals  of  red  copper  were  observed  on  an  old 
copper  statue  found  in  the  Soane,  in  the  year  I766 ; 
and  in  the  hollow  of  the  leg  of  a  bronze  horse, 
which  had  lain  in  the  earth  some  hundred  years. 
By  the  lava  of  1794,  copper  coins  at  Torre  der 
Greco,  and  brass  candlesticks,  have  been  converted 
into  crystals  of  red  copper ;  and  in  other  cases  the 
zinc  and  copper  have  separately  formed  translucent 
blende,  and  octohedrons  of  red  copper. 

We  have  now  adduced  ample,  many  may  think 
superfluous,, evidence  to  prove  that  granite,  with 
its  primitive  crystalline  congenera^  porphyry  and 
syenite,  is  an  erupted  rock ;  the  Atlas  which  has 
raised  on  its  shoulders  the  gigantic  ridges  of  gneiss 
and  mica-schist,  that  constitute  the  mountain  eleva- 
tions of  the  globe.  Thus,  by  the  expansive  power 
of  the  internal  agents  already  described,  the  crust 
of  the  earth  acquired  those  irregularities  of  eminence 
and  depression,  that  modified  the  geoTtvetT\csiJi  ^^^- 
roid  around  which  the  waters  flov^ed^.axvdi  ^n^\\* 
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that  distinction  of  dry  land  and  sea,  which  fitted  its 
surface  to  become  the  dwelling-place  of  organized 
beings.  There  seems  nothing  hypothetical  in  these 
propositions.  The  drcumfluence  of  the  shoreless 
abyss,  proves  the  spheroidal  form  of  the  primordial 
ball  which  it  concealed ;  the  actual  figure  of  the 
globe  exhibits  the  manner  of  deviation  from  thAt 
form  which  took  place  when  the  land  and  seas 
were  divided ;  and  the  position  and  nature  of  the 
mineral  masses,  show  bow  tiiat  deviation  and  divi- 
sion  were  accomplished. 


BOOK  II— THE  ANTEDILUVIAN  PERIOD. 
SECONDARY  FORMATIONS. 


CHAP.  I.— GENERAL  VIEW  OF  SECONDARY  ROCKS. 

In  Book  First  we  have  seen  the  dry  land  upheaved 
out  of  the  circumfluent  waters,  clothed  with  vege- 
tatioD,  and  stocked  with  animal  life.  The  primor- 
dial mineral  strata  which  we  afterwards  considered, 
are  void  of  organic  forms.  Those  which  we  now 
prdceed  to  examine,  present  distinct  remains,  more 
or  less  abundant,  of  living  beings.  Here,  therefore, 
we  should  pause  in  solemn  meditation,  on  the  most 
marvellous  phenomenon,  which  Nature,  fiill  of  won- 
ders,  can  possibly  exhibit  to  the  eye  of  man ;  the 
dawn  of  organization ;  the  mystical  transitibn  from 
the  blank  of  eternity  to  the  fulness  of  time,  from  the 
inertia  of  the  first  matter,  to  the  self-movement  of 
life  ;  the  first-born  of  earthly  creatures  ;  records  of 
the  Creative  Spirit,  traced  in  imperishable  charac- 
ters, which  every  peasant  may  read,  and  no  sophist 
can  falsify.  Here  the  rudiments  of  vitality  He 
embalmed  in  enduring  mausoleums.  An  ancieiit 
catastrophe  has  rendered  these  primeval  vaults 
accessible,  enabling  us  to  behold  the  eldest  progeny 
of  nature,  which  display  even  in  their  exuviae,  the 
perfect  workmanship  of  the  Deity.  The  infinite 
void  that  separates  death  from  life,  yawns  before 
us,  the  inscrutable  pathway  between  Tvonetv^iv^j  «ft^ 
existence  which  an  Almighty  Being  aione.  q.o\^^ 
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traverse.  Thus,  even  these  elemental  organic  forms^ 
are  infallible  documents  of  that  Eternal  Wisdom, 
which  willed  a  world  into  being. 

The  erection  of  the  subaqueous  strata,  into  the 
primitive  mountains  and'  plains,  was  evidently 
accompanied  Vith  universal  disruption.  Innumer- 
able fragments«of  both  the  upborne  and  upbearing 
rocks,  were  tossed  about,  and  washed  down  into 
the  congregated  waters,  along  the  precipitous  shores,- 
and  over  the  bed  of  the  primeval  ocean.  These 
shattered  fragments  becoming  agglutinated  by  their 
own  pulverulent  cement,  soon  recomposed  conti- 
nuous strata,  which  bear  internal  evidence  of  the 
violence  that  gave  them  birth.  Thus  were  formed 
the  transition  rocks  of  Geologists,  mineral  masses 
which  denote  the  passage  between  the  upright  pri- 
mitive, and  the  horizontal  secondary  strata,  between 
tliose  of  inorganic  and  organic  evidence.  These 
rocks  are  called  conglomerate,  or  fragmentary,  from 
their  aspect  and  composition.  In  the  course  of  the 
consolidation  and  re-union  of  their  parts,  a  few  of 
the  organic  forms  with  which  the  sea  was  beginning 
to  teem,  falling  into  their  crevices,  became  imbed- 
ded in  their  substance.  Hence  we  see  how  some 
vestiges  of  animal  existence,  appear  in  the  oldest 
conglomerate,  or  greywacke  formation.  The  con- 
vulsions, which  after  a  long  interval,  caused  the 
deluge,  have  also  dislocated  many  of  these  conglo- 
merates, so  that  strata  of  rounded  pebbles  assuredly 
aggregated  in  a  horizontal  position,  are  now  found 
standing  in  upright  walls.  Thus  the  famous  pud- 
dingstones  of  Valorsine,  in  Savoy,  are  a  kind  of 
greywacke  schist,  containing  rouwded  ^t^^vw^wV.^  o^ 


TABULAR  VIEW  OF  MINERAL  STRATA.'  131 

gtieiss,  and  mica-slate,  6  or  7  inches  in  diameter. 
That  stones  of  the  size  of  a  man's  head,  previously 
rounded  by  attrition,  should  build  themselves  up 
in  a  perpendicular  wall,  and  stand  steadily  thus,  till 
fine  particles  of  hydraulic  cement,  should  have  time 
to  envelop  and  fix  them  in  their  upright  posture,  is 
an  absurd  and  impossible  suppositt9n.  It  is  therefore 
demonstrable  that  these  puddingstone  strata  were 
fdnned  in  horizontal,  or  slightly  inclined  beds,  and 
erected  after  their  accretion.  Such  effects  would 
be  produced  on  the  convulsive  emergence  of  the 
pebbly  banks  out  of  the  primeval  ocean,  either  at  ' 
the  deluge,  or  some  preceding  catastrophe.  There 
are  mountains  10,000  feet  high  in  the  Alps,  formed 
of  firmly  conglomerated  pebbles. 

It  will  be  proper  to  introduce  here,  a  general 
view  of  the  order  in  which  the  mineral  strata  were 
progressively  built  up  during  the  ^ntedUuvian  period 
under  that  ocean ;  "  whose  bed  laid  dry  by  the  last 
great  revolution,  now  forms  aU  the  countries  at 
present  inhabited."* 

TABULAR  VIEW  OF  MINERAL  STRATA. 

7%e  granilei,  porphyrUs,  tienilesi  hornblende,  and  hypersthene 

roeh,  with  greeiutojus,   and  basalts,  bnng  unstratified  erupted 

roekt,  occur  in  many  different  atid  irregulaT  posUiom  among  the 

tttrata. 


Class    I. — Primitive    or    Inpbrior 

Rocks.  -  Ctmcomilanti. 

Order  \.r~-Gneist.  Granites. 

Hornblendo  rocks. 

Limestones. 

Qu&nz  TOt^L. 

'  Cuvier.-^Osaemens  Fosslles.— Discours  PreWnuneiie,  V  ^*^- 
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Order  TL^BBea-ilaie. 


Order  III.— Cb^'-ehte. 


Class  II^-^Tbamsition  or  Subme- 

DiAL  Rocks. 
Order  L — Cfr^ftoacke, 


As  above. 

Gypsnm. 

Mica-slate. 

Talc-fllste. 

ChkAte-slate. 

Gneifls. 

Whet-slate. 

Alum-slate. 

Doloniite. 

Gypsum. 


Conglomemte. 

Clay-slate. 
Flinty-slate. 
Alum-slate. 
Limestone. 
Dolomite,  with 
Encrinites. 
Class  III. — Medial  on  Carbonife- 
rous Rocks. 
Order,  I. — Old  red  sandstone, 

II. — Carboniferous  or  Mountain 

limestone, 
III. — Millstone  grit  or  shale. 

IV. — Coal  measures  or  strata.  Coal-sandstone. 

Slaty-clay. 
Bituminous  shale. 
Carbonate  of  iron. 
Coal. 

Calcareous  marl. 
Compact,  or 
Alpine  limestone. 
Class  IV — Supermedial  or  Second- 
art  Rocks. 
Order  I. — New  red  sandstone. 

Order  II. — Magnesian  limestone.  Bituminous  marl-slate. 

Copper  slate  with  fishes. 
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Order  \l\.~litd  Marl.  Gypsum  and  Mh  bedt. 

VariegBted  sandstooe. 
Or<itr  IV. — Second  Floets  UiuetUme  or 

shell  HiMtUme.  In  tiermaoy  called  Miw 

clielkalk — Haid  to  be 
wanting  in  England. 
Order  V. — Third  Floetx  or  Jura  lime- 

lUmt.  A^UIaceona  b^. 

I^as  of  Engiuid. 
Oolites,  or 

Calcareoofl  frcMlones. 
Maria. 
Order  VI. — Iron  land  and  greenmnd.       Chloritic  cfaalk. 
Order  Vll^Chalk.  Cbalk  marl.  | 

Earthy  chalk. 
Chalk  with  flints. 
Class   V. — Supkrior    or    Tertiary 
Rocks. 
Order  I. — London,  Parit,  and  IsU  of 

Wight  batm».  Phitic  daj . 

Clay-marl. 

Sand,  lignite,  fre^  and 
salt  water  shells. 
Order  II. — Firit  Tertian/  Limestone.        Blue  London  clay. 

Chloiitic  Goone    lime- 
stone. 
Order  III. — First  loeai  braekish-water  de- 
posit. Maris,  gypsnm'. 
Order  IV. — Second  Tertiary  Limestone.     Marls,  sand. 
Bnbr  stone. 
Order  V. — Laetjreih  water  dfposit.  Maria,    Limestonea   of 
Paris  and  Isle  of  Wight. 

In  all  these  strata,  there  is  usually  a  repetition  of 
beds  of  similar  composition ;  that  is,  of  the  sili- 
ceous, argillaceous,  and  calcareous,  with  a  texture 
becoming  progressively  less  compact  an4  ct^%\a!Ka\e,» 
as  tbey  ascend  in  the  scale  of  supetposvVion.    ^wAv 
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repetitions  have  been  called  formation  suites.  Thus 
we  may  have  50  bedi  of  coal,  alternating  with  an 
equal  number  of  sandstone  and  shale,  and  50  beds 
of  chalk  alternating  with  as  many  of  flint,  consti- 
tuting the  coal  and  chalk  formations.  When  viewed 
in  -  this  aspect,  the  almost  infinite  variety  of  the 
strata  becomes  systematised  and  simplified  into  a 
manageable  compass. 

The  preceding  table  has  been  compiled  partly 
from  M.  fioue*s  table  of  rocks,  and  partly  from  that 
of  Messrs.  Conybeare  and  Phillips.  The  following 
is  by  the  Rev.  Dr.  fiuckland. 

GEOLOGICAL    EQUIVALENTS. 

A  COMPARATIVE  TABLE   OF  THE   ENGLISH    AND    COKTINSKTAL 

FORMATIONS. 

Formations  of  Englamd,  Formaiunu  of  the  Cowtinemi, 

L  Greywache,  1.  Greywacke. 

Passing    into  fine    greywacke-  Same,  as  in  England. 

slate  at  one  extremity,  and 

into  conglomerate  at  the  otlier.  Abundant  on  the  Continent. 

Mountains  of  North  Wales.      TarentaL<«e  in  Savoy, 
Slate  quarries  of  Penryn.  Matt  in  Glaris. 

Slate  of  Tintagel  in  Cornwall,  Slate  of  Plattenburg  in  Giaris, 

and  top  of  Snowden  in  Wales,       containing  fish  and  tortoises. 

containing  marine  shells  (Te- 
'    rebratulites  ?) 

Slate  of  Llandrindod  near  Builth,  Slate  of  Angers  in  France,   con- 
containing  trilobites.  taining  trilobites. 
Conglomerate  of  Killamey  and  Conglomerate  of  Valorsine. 

St.  David's. 

2.  Transition  Limestone,  2.  Transition  limestone  occurs 
Beds  of  limestone  occurring  sub-      stib  ordinatefy  in  greyxoacke. . 

ordinately  in  the  upper  region  Thin  beds  of  it  at  Coblentz  on 

uf  the  greywacke  formation  ;      the  Rhine. 

Dudley,  Wenlock  edge,  Lud-  In  Bohemia,  near  Prague,  Taren- 
iow,  Longhope,  Llandiio.         '  taase  in  ^^oy^  ^«xiVi%  q^  ^^<X\\t\^ 
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below   Coire  in   Switzerland, 
Soutb  of  Werfen  in  Salzburt'' 

II.   SaCONDAHY  FORMATIONS,  IMCLltDlNO  COAL  MEASURES. 

I.  Oldred  tandUone.  1.    Variety  of  greytoaeht  of 
Werner." 

In  its  upper  membera  composed  Seldom  appearing  on  the  conti- 

of  loose   beds  of  red   sand-  nent,  occurs  at    Hny  on  tbe 

Btooe,  red  marie  and  conglo-  Mense  below  Namur,   wherfe 

merate.     In  its  lower  regions  it    lies  under    the   monntain 

passing  inaenaibly   into  com-  limestone, 

pact     greywacke  ;  abundant  The   Valoraine    puddingatone    is 

along  the  frontier  of  England  nearly  of  this  age,  but  a  little 

and  Wales,  older. 

2.  Mountain  or  Carbomferota    2.  Transition  limestone  of  Werner 
limestone.  and  ofOmalins  D'Hallojf. 

Derbyshire,  Alston  Moor,  Men-  Banks  of  the  Mense  from  Namur 
dip,   Sottth  Wales ;   subortji-        to  Liege ;   is    of  rare    occur- 
nate  to  the  greai  coal  forma-       rence  on  the  continent, 
tion,  mrnally  found  in  its  low- 
est regions. 

3.  English  Coal  Measures  ;      3.  Independent  coal  formation  of 
Newcastle,    Derbyshire,    Staf-  Werner. 

fordshire  and  South  Wales.  None  in  the  Alps,  or  basin  of  .the 
Po.  Postchapel  near  Dresden, 
Friedland  in  SileMa,  and  new 
Temovitz  in  Silesia. 
Namur,  Saare  Brooke,  Sunt 
Etienne  in  France. 

'4.  New  red  ConglomertUe.       4.  Old  red  sandstone  of  Werner  ; 
Ttothe  todte  liegeade. 
Exeter    encircling  the   base  of  Base  of  Thuringermld.; 
Qoantack  and  Mendip  hills.     Schwanden,  in  Claris. 
Luguio,  in  lta\^. 
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5.  Magnesiam  Umestom. 


\       • 


,  5.  Older  .Alpine 

first  fleets  limestone  of  Weroflr, 
dinsible  into : 

Zechsteia  (Calcairea  Giyphitat)* 
containing  Giyphiiei  aculetdit^ 

Asche. 

Ranchwacke.     Holen  kalke. 

Rogenstein.     Stinkstein. 

Kapperachiefer,  or  bitumiiioBa 
marie  slate,  with  fish. 

These  subdivisions  are  well 
known  in  the  Thnringentald ; 
and  are  occasionally  inter- 
spersed with  salt  and  gypeum. 


6.  Neia  red  sandstone  (Uid  Red 

AlarL 
(ireat  formation  of  salt  and  tryp- 


8um. 


7.  CMiie  Formation. 


Coral  rag  loose  and  rubbly. 


Compact  beds  of  combrash. 


6.  Bunter  Sandstcin,  and  Roik 

Than  rf  Werner, 
Fimt  and  second  salt  and  gypsum 
formation  of  Werner, 
(ireywacke  of  Brocchi  in  his 
Vnl  di  Fassa  ;  of  Floyer  in  his 
mop  of  Tyrol  ;  and  of  Von 
Buch  and  Cbarpentier  in  their 
accounts  of  the  salt  formatiooa 
of  the  Alps. 

7.  Jura  Limestone,  (properfy  90 

called.) 
Younger   Alpine    Limestone    of 

Savoy,  Switzerland,  and  Tyrol. 
MuAchel-Kalk  of  Werner.     . 
Coral  rag,  some  organic  remains 

in  a  compact  matrix,  and  used 

for  nunble  at     Roche,     near 

Vevey. 
Compact    limestone   of    Schaff- 

hansen,  lying  above  the  Jura 

Oolite. 
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FonmUiamM  of  Emgland.  Fifrmatuma  of  the  CmUiiieHi. 

Bvckingbam    marble.      Yeovil ,  Saltzburg  marble.    CoDte  marble 

roaiUe.  of  France. 

Bath  and  Cottswold  oolite.  Oolite  of  Jura  and  valley  of  the 

Adige. 
Liaa.  Pierre  a  gryphites  of  France  and 

Jura,  full  of  the  gryphea  arcu- 
ata  of  Lamarck. 
MuBchel-kalk  of  Werner. 

8.  Green  sand,  8.  Crate  inferieure  of  the  French. 

Qnader    sandstein    and    Plsner 
kalk  of  Werner. 
Large  proportion  of  the  South-  Younger    Alpine    limestone    of 
East  of  England.  Savoy,   forming    the    summit 

of  the  high  ridge  from  Moiint 
Varens  in  the  Vale  of  the  Arve, 
to  Diableret  in  the  valley  of 
the  Rhone. 


9.  Chaik. 


9.  Chalh. 
Craie   of  the   French,  encircling 

and  forming  the  base  of  the 

basin  of  Paris. 
Younger  Alpine  limestone  of  the 

Enganean  hills  and  Vicentine 

hills  in  Italy. 
Fort  near  Lunenburg,  close  to  the 

town,  on  the  side  of  Hamburg. 
Castle  oJF  Cracow  in  Poland.' 


IIL  TERTIARY   FORMATIONS. 

It  is  not  implied  that  the  following  five  subdi vi- 
sional parts  of  the  tertiary  formations  maintain  the 
same  relative  order  of  succession  in  England  and 
on  the  Continent ;  most  of  them  probably  alternate, 
but  they  are  all  more  recent  than  the  cU^ik  of  ¥aXv%- 
Jiwd,  France,  and  Italy. 
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coaL    Imperfect  wood  coaL 
Alum  Ba7,  Isle  of  Wight. 


1.  iMioH  and  Han^Mre  Bo-  l.  Basin  ef  Paris i  Vail^  tf  Ae 
lAgmUs^  and  Glance      Foy  SwOzerlandy  ike  Donate. 

\    Ugnike^   and    Glanee   aooL 

JPerfisely  assd  aeed  for  firee^^ 
Monte  Bolct}  and  Anagnniia 

the  ^^centino,  Fnasen  in  tim- 

rift. 
Corfe  cky  pits.    Isle  of  Pur-  Tttmoning,  Teiiendorf,Bfieftliftdb| 
beck.  md  all  the  coal  pita  in  the 

TftUey  of  the  Dannhe,  abofia 

Vienna. 
Marbnrg  in  Styria. 
Leoben  in  StyriiL 

2.  Puddingsiione  of  Hertfordshire.  2.    Napeifiue    cf    Swiizeriamit 

ComOf  and  Salzburg, 
Droid  sandstone  blocks  of  Buck-  Puddingstone  of  Rigi  near  Ln- 
inghamsbire,  Wilts,  and  Dor-       ceme,  and  of  Bregentz  on  Lake 
set.  Constance. 

3.  Plastic  clay  formatUm,  3.  Plastic  clay  formatunu 

Clay,  marl,   sand,    and  gravel,  Beds  of    clay,  marl,   sand,  and 

with  marine  shells.  gravel,  with  marine  shells. 

Basins  of  London,  Hants,  and  Basin  of  Paris. 

Dorsetr  All  the   edges   of  the  plain   of 

Lombardy ;  near  Parma,  Pia- 
cenza,  Asti,  Turin,  Vicenza. 
Valley  of  the  Danube. 
Valley  of  Geneva  and  Constance. ' 
4.  Calcaire  Grossier  of  Paris, 
Verona,    Vicentine     hills,     and 
Monte  Berici,  in  the  valley  of 
the  Po. 
Loretto  S.  £.  of  Vienna,  in  basin 

of  Danube. 
Tour  de  Moliere,  E.  of  Yverdun, 
in  Switzerland. 
With  plants  and  marine  fish.  With  plants    and    marine    fish, 
de  of  Sheppy.  Monte   Bolca,    near    Verona. 


4.  London  day^ 
Highgate  hill,  I^jmdon. 
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MtiffUA  Formatiant' 


5.  Fresh  wtUer  Limestone, 
Ileaden  cliff;  Isle  of  Wight. 


FifrmaHoiu  of  tk$  Qmtment' 

(probably).      Fish  of    Mount 
Lebanon  (probably). 
5.  Calcaire  (T  ean  douce* 

Basin  of  Paris ;  Frienisberg  near 
Berne ;     St.    Saphorin,    near 
,  '         Vevey ;  Horgen  near  Zurich ;  * 

Locle  on  the  Jura ;  Valley  of 
the  Rhine,  three  miles  N.£.  of 
Basle.  These  are  principally 
composed  of  marl  stone,  and 
contain  beds  of  coal,  with  fresh 
water  shells  intermixed. 

CEningeU)  nearSchaffhausen,  with 
fresh  water  fish. 

IV.  Diluvium.  IV.  Diluvium. 

Gravel  and  rolled  blocks,  both  Same  as  in  England. 

ofj^  hills  and  in  valleys,  not  Superficial  gravel,   covering  the 

produced  by  any  causes  now  regular  tertiary  strata  of  the 

in  action.  valleys  of  the  Po,  the  Danube, 

Gravel   of    the  valleys   of  the  and  Geneva. 
Thames,  Severn,  and  Hum- 
her. 

Blocks  of  Cumberland  granite  Granite  blocks  on  th^  Jura  above 

in  the .  plain  of  Shropshire,  Neufchatel,  and  on  the  Saleve 


near     Bridgenorth  ;    and    of 
Galway  granite  at  Sbalk  on 
the  south-west  of  Carlisle,  in 
'  Cumberland. 


mountains,  near  Geneva. 


AUuvium,  Alluvium. 

Effects  of  causes  now  in  action.  Effects  of  causes  now  in  action. 

Mud  of  rivers,  deltas,  gravel  Same  as  in  England,  but  on 

of  torrents.  a  larger  scale. 

The  mountain  limestone  and  great  coal  fonna- 
lions  of  England  do  not  occur  in  the  Alps.     The 
tertiary  formations  which  constitute  the  mo2asse  ^w^Jl 
nagelfiue  of  the  Great  Valley  of  SmtxeiVaLTv^i^^YSN^ 
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been  mistaken  for  the  new  red  sandstone  beds  of 
England.  These  mistakes  proceed  partly  from  the 
enlarged  bulk,  and  partly  from  the  want  of  distinct 
features,  and  of  tangible  character,  which  accom* 
pany  all  secondary  strata  as  they  enter  the  Alps. 
But  their  identity  with  the  English  formations  has. 
been  evinced  by  actual  sections.  It  has  been  shown 
that  a  constant  and  regular  order  of  succession  pre- 
vails in  the  alpine  and  transalpine  districts,  and 
generally  over  the  Continent ;  and  that  this  order 
is  the  same  that  exists  in  our  own  country.  It  2s 
remarkable  that  our  oolite  and  magnesian  limestones 
(under  the  name  of  alpine  limestones)  rise  into  the 
most  elevated  crests  and  pinnacles,  that  crown  the 
summits  of  this  gigantic  chain.  The  following  are 
among  the  greatest  heights  which  they  reach  : — 

Ortler  in  Tyrol, 14.466 

Jungfrau  in  Switzerland,   ....  12.872 

Dodi  Berg  in     do.           ....  10.059 

Tiltis,     .                  .         .         .  10.000 

Diableretz, 8.240 

Dent  de  Morde,                                 •         .  7.600 

'  In  the  Pyrenees  also,  the  same  limestones  form 
the  most,  elevated  ridge,  and  great  water  shed  of 
vast  chain  ;  rising  in  Mount  Perdu  to  10,578 
and  in  the  Torre  de  Marbore  to  10,260, 


9 
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I«  ObjeStwacke  is  commonly  composed  of  grains  or 

fivgments  of  quartz,  and  lydian  stone,  among  which 

of  day-abte  are  disseminated.    These  parts 

^utitaated  by  a  cement  of  an  argillaceous 
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kind,  usually  impre^Dated  with  coarse  siliceous  mat- 
ter. The  size  of  the  grains  bf  quartz  and  lydian 
stone,  rarely  exceeds  a  nut ;  but  the  pieces  of  clay- 
date  are  sometimes  as  large  as  the  hand.  Occasion- 
ally these  fragments  are  so  comminuted,  as  to  be  no 
longer  discernible ;  the  rock  takes  then  a  schistose 
texture  approaching  to  dlay-slate. 

But  the  main  body  of  the  submedial  rocks  is  com- 
posed of  clay-slate  itself,  containing  certain  subor- 
dinate beds,  such  as  masses  of  talc,  &c.  The  clay 
slates  of  Gtaris,  in  Switzerland,  celebrated  for  their 
casts  of  fishes,  are  accompanied  with  talcose  rocks. 
Here  also,  we  find  alum-slate,  which  is  merely  an 
argillaceous  schist,  impregnated  with  carbon  and 
sulphur  J  the  latter  probably  in  the  state  of  sul- 
phuret  of  iron.  The  transition  clay-slate  of  Sweden 
and  Norway,  is  so  rich  in  these  beds,  as  to  be  worked 
for  them  alone.  When  exposed  to  the  air,  they  get 
covered  with  a  snowy  efflorescence,  just  as  happens 
to  some  of  the  argillaceous  slates  of  our  coal  mea- 
sures. This  was  finely  exemplified  in  the  waste 
coal  workings  that  form  the  Hurlet  Alum  mines, 
near  Glasgow.  The  carbon  occasionally  accumu- 
lates to  such  a  degree  in  some  portions  of  the  slate, 
as  to  form  masses  of  stone  coal  (anthracite,)  a  sub- 
stance which  bums  witli  difficulty,  and  can  be  made 
'  use  of  merely  for  calcining  limestone.  The  sur- 
rounding slate  affords  vegetable  impressions  of 
reeds  and  analogous  plants.  The  animal  exuvis 
are  not  numerous  in  these  transition  strata.  They 
consist  -  of  madrepores,  trilobites,  ammonites,  and 
terebratulites,  ca$t8  of  turbinites  ani*  a\.Tva.\s&.  to- 
/wiisfi    But  certainly  the  most  chatactenstic  ?«a.\OTe. 
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of  this  submedial  fonnation,  is  the  impressioDB'  of 
<  fish,  indicating  most  clearly  the  dreadful  tumunt 
which  presided  at  its  origin. 

Fish  which  perish  bya  natural  death,  necessariljr 
become-the  food  of  other  fish  like  themselves,  or  of 
Crustacea.  We  need  not  therefore  be  surprised,  at 
finding  none  of  their  remains,  in  ntuations  whidi 
abound  with  them  in  the  living  state.  It  is  not 
unusual  how- 
&^,vv  ever,  .to  find  a 

great  number 
of  fossil  fish 
in  one  district, 
as  in  Monte 
Boica,  and  other  localities  j  where  a  volcanic  erup- 
tion, or  some  other  sudden  revolution  had  killed  . 
thero  all  at  once.  In  certain  places  their  remains 
occur,  lying  on  their  belly,  or  lengthwise,  with  their 
fins  and  tail  extended.  These  remains,  in  some 
cases,  consist  of  bones,  spines,  and  scales,  distributed 
in  their  natural  positions.  In  others,  they  are  found 
in  a  constrained  posture,  suggesting  the  idea,  that 
they  had  perished  in  boiling  water ;  examples  of 
which,  have  occurred  in  the  sub-marine  volcanoes  of 
modern  times.  Lastly,  in  certain  localities,  as  at 
Plattenberg,  in  the  canton  of  Claris,  they  are  in  a 
flattened  state,  and  covered  with  scales,  but  destitute 
of  bony  skeleton. 

It  cannot  be  doubted  that  the  revolution  which 

caused  the  vast  accumulation  of  remains  found  at 

Monte-Bolca,  must  have  been  sudden,  and  that  they 

ire  speedify  covered  afler  death,  by  the  mineral 

oait  in  which  they  are  now  buried  -,  for  owe  o? 
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these  fossil  fish,  now  in  the  galleries  of  the  French 
museum,  belonging  to  the  genus  blochiuSy  had  not 
time  before  it  died,  to  let  go  another  fish  which  it 
was  in  the  act  of  swallowing.  In  our  climates, 
when  any  fish,  (and  especially  one  furnished  with 
an  air  bladder,)  dies  in  summer,  it  remains  at  the 
bottom  of  the  water,  for  two  or  three  days,  it  then 
rises  to  the  surface  before  it  becomes  tainted,  and 
falls  to  the  bottom  to  rise  no  more,  till  putrefaction 
disunites  its  constituent  parts.  Hence,  if  some  days 
had  elapsed  between  the  death  of  the  blochiuSj  above 
described,  and  its  getting  impacted  in  the  strata,  it 
would  have  mounted  to  the  surface,  and  thus  have 
been  separated  from  the  fish,  which  it  was  swallow- 
ing, when  arrested  by  the  fatal  catastrophe. 

Had  we  no  such  instance  to  prove  the  rapidity 
of  the  convulsion  of  nature,  we  might  adduce  cases 
of  fish  found  in  the  same  locality  in  which  we  find 
the  bodies  of  others,  that  had  been  newly  swallowed. 
These  show  how  quickly  they  had  been  killed,  after 
satisfying  their  appetites,  before  the  digestive  powers, 
so  vigorous  in  these  animals,  had  time  to  dissolve 
their  food.  We  ought  not  therefore  to  be  surprised 
in  the  least,  at  meeting  with  so  few  fossil  fish,  among 
the  shelly  strata,  quietly  deposited  at  the  bottom*  of 
the  sea.  Those  which  we  do  find,  have  been  buried 
immediately  after  death,  in  a  bottom  of  sand,  or 
mud,  which  concealed  them,  and  hindered  them 
firom  mounting  to  the  surface. 

Remains  of  fossil  fishes  are  found,  not  only  in 
the  transition  rocks,  but  also  in  more  recent  forma- 
tions, as  in  the  strata,  anterior  to  the  e\v23ik,  m  xKys. 
substance,  and  in  stili  more   moderu  fottcv^NAOVv^ 


« 
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Th^se  remains  are  sometimes  converted  into  a  cal- 
careous, siliceous,  or  pyritous  substance ;  l^it  most 
frequently  they  have  not  changed  their  nature. 

We  shall  enumerate  the  principal  localities  in 
which  fossil  fislies,  or  ichthyolites,  have  been  foimdL 

1.  Glaris.  The  substance  containing  the  fossil 
.  fish  is  a  blackish  slaty  rock,  sectile,  omtaming  dis- 
tinct spangles  of  mica,  ^  also  limestone  in  smdl 
beds  parallel  to  the  stratification.  Haller  says  that 
in  the  slates  of  Glaris  he  found  very  fine  imprea* 
sions  of  the  ferns  of  the  Antilles.  The  fish  are 
recognised  by  the  marks  of  scales,  fins,  and  the  ^ 
general  external  outline.  They  are  not  accom*. 
panied  with  shells.  The  slaty  rock  has  bedb 
referred  to  the  transition  class  of  Werner. 

2.  Mount  Pilate^  situated  in  the  canton  of 
Lucerne,  almost  in  the  centre  of  Switzerland.  On 
the  summit  called  Tomlishorn,  fully  7000  feet 
above  tlie  level  of  the  sea,  the  ichthyolites  occur  in 
schists  which  are  easily  separated  in  plates.  In 
almost  every  tablet  a  fish  is  found.  The  bone  is 
reduced  to  powder,  but  it  has  left  its  impression. 
A  great  quantity  of  teeth  have  been  observed.  The 
rock  is  calcareous  mixed  with  quartz  and  clay. 
Nummulites,  Madrepores,  and  other  broken  shells 
abound,  in  the  limestone.  At  the  foot  of  the  Esel^ 
two  petrified  trees  occur,  at  a  height  where  trees 
can  no  longer  grow. 

3.  Eisleben.  It  is  in  the   county   of  Mansfeld, 
Thuringia,  Voightland,  and  the  Palatinate,  that  the 
most  remarkable  localities  of  a  species  of  ichthyo- 
lites occur,  contained  in  metalliferous  slates.     The 
/fesh  of  the  £sh  seems  16  have  ipexvelTaV^di  otA 
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altered  the  stone,  that  now  occupies  their  place. 
Sometimes,  the  trace  of  the  fish  takes  up  hardly  any 
room,  being  represented  by  scales,  fins,  and  flattened 
heads.  The,  stony  layers  in  which  the  fish  have 
been  compressed,  may  be  spUt  into  two  plates,  on 
each  of  which,  an  image  is  exhibited.  These  fish, 
are  in  every  possible  attitude,  some  of  them  three 
feet  long,  mostiy  lying  on  their  backs,  or  recurved 
into  constrained  positions,  with  their  heads  usually 
crushed  and  disfigured.  The  substance  enclosing 
them  is  a  cupreous  marly  schist,  impregnated  with 
bitumen,  and  sprinkled  with  argentiferous  pyrites, 
or  sometimes  with  mercury  in  the  state  of  cinnabar. 
These  schists  must  be  of  very  early  formation, 
nnce  there  are  found  above  them,  beds  containing 
belemnites,  entrochites,  and  ammonites.  Fossil 
fish  similarly  situated  occur  in  France,  near  Autun, 
in  a  mountain  called  la  Muse. 

4.  FossU  fish  are  also. found  in  superjacent  forma- 
tions i  as  at  Grammont,  near  Beaune,  in  mountain 
limestone ;  in  the  high  mountain  of  Pietra-roya,  a 
portion  of  Mount  Mates  in  Italy ;  at  Stabia  in  the 
same  kingdom ;  in  the  chalk  beck,  of  the  Paris  basin, 
of  the  mountain  of  Saint  Pierre  at  Maestricht,  and  of 
Perigueux  and  Gravesend  ;  in  the  coarse  shell  lime- 
stone quarries  of  Nanterre,  of  St.  Denys,  and  other 
places,  the  most  remarkable  of  which  are  at  Solen- 
hoffen  and  Pappenheim  in  the  valley  of  Altmuhl. 
The  fish  are  accompanied  with  Crustacea,  and  a 
^ecies  of  lunula*  and  asterix. 

5.  Monte  Boka,  in  the  Veronese.  The  most 
celebrated  of  the  ichthyolite  locaWlVes  "\*  \lu^«vi^a^/- 
edly  that  of  Monte  Bolca,  or  Vestewa-nvioNa..   TVv* 
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moontain  is  vdicanic,  and  demted  a  thoiisand  ftel 
above  the  limestone  quarry.  Tliat  oontaimng  the 
fish  is  pretty  low,  and  reclines  against  lofty  moun-* 
tains  of  shell  limestone.  The  mountain  of  Vestena* 
nuova  is  composed  of  two  kinds  of  rocks ;  one  ia 
merely  a  very  hard  marl,  forming  thick  beds,  appar- 
ently devoid  of  organised  remains ;  the  second  is  a 
fetid  marly  slate,  which  may  be  cleaved  into  tlun 
leaves.  The  fish  are  found  only  in  one  bed  two 
feet  thick.  They  consist  of  skeletons^  sometimes 
in  perfi^  preservation,  placed,  without  any  token 
of  violence,  on  their  belly  or  side.  The  bones  occur 
in  a  somewhat  friable  state.  Occasionally  there  is 
nothing  but  a  concave  impression  within  the  slate. 
The  scales  are  seldom  to  be  observed,  but  merely 
a  trace  at  times  coloured,  indicating  the  form  of 
the  fish.  The  greater  part  of  them  seem  to  have 
been  seized,  or  rather  deposited  in  the  stratum,  in 
a  perfectiy  entire  state ;  but  a  few  are  observed  to 
have  been  somewhat  decayed  before  deposition. 
The  rock  owes  its  origin,  most  probably,  to  the 
adjoining  volcano.     Shells  are  very  uncommon. 

6.  IckihyoUtes  have  also  been  found  in  fissile 
marly  slates  in  the  Vivarais,  the  Vicentin,  Friuli, 
Antibes,  Dalmatia,  Cerigo,  Mount  Libanus,  Tripoli, 
Malta,  Sicily,  near  Cadiz,  Barbary,  Iceland,  and  in 
many  other  places. 

For  an  account  of  the  genera  and  species,  the 
reader  is  referred  to  a  copious  detail  in  the  article 
Poissons  Fossiles  of  the  Dictionnaire  des  Sciences 
NatureUes. 

In    the   famous  locality  of  Monte-Bolca,  the 

'lowing  genera  are  found:  the  «hatk, t^\\  ?^^- 
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'fish,  aun-fish,  globe-fish,  paleeobaHstum,  trumpet- 
£fih,  pike,  silurus,  herring,  pipe-fish,  cod,  blenny, 
goby,  mackarel,  bull-head,  gurnard,  gilt-head, 
scisena,  perch,  fiounder,  amia,  fistularia,  flying-fiah, 
iDureenophia,  eel,  dory,  and  several  others. 

■  From  the  genera  that  have  been  recc^ised  in 
all  the  localities,  it  appears  evident  that  those  of 
Glaris,  Eisleben,  Pappenheim,  and  Vestena-nuova, 
have  been  formed  by  deposits  in  the  sea,  or  rather 
by  submarine  volcanoes.  The  whole,  with  the 
exception  of  Montmartre,  seem  to  have  been  the 
result  of  volcanic  violence  ;  even  that  of  Aix,  most 
probably  belonged  to  the  same  head,  since  Saussure 
states  that  there  formerly  existed  powerftil  volcanoes 
in  that  district* 

These  slaty  conglomerate  rocks  we  very  rich  in 
metals.  Here  are  found  the  celebrated  mines  of 
the  Hartz,  which  yield  annually  60  thousand  hun- 
dred weight  of  lead,  and  a  considerable  quantity  of 
silver.  A  great  portion  of  the  mines  of  Hessia,  of 
the  territory  of  Naussau,  and  the  district  of  Arden- 
nes, are  in  similar  schists.  Several  of  the  richest 
■veins  of  Mexico,  and  particularly  the  noblest  vein  in 
the  world,  la  veto  madre,  at  Guanaxuato  is  in  these 
intermediate  formations ;  to  which  also  we  must 
refer  the  famous  mines  of  Potosi. 

The  greywacke  formation  is  the  first  of  Scotland 
in  geognostic  importance.      It  constitutes  atone 

*  Caiti  of  rosnl  fish  hare  been  latelj  found  !n  the  old  red  sandstone 
gf  CluhbciiDie  qnarry,  parish  of  Errol,  Perthshire.    The  imbrieilMn  of 
*•  teak*  w  perfcctJy  vwiblei  u  >■  also  their  nlver^  and  ftbitu!a(«9^«>a- 
■nce.    Wo  eadre  skeleton  baa  yet  been  oburveA.    tiw  pqX'^oi 
An»%  m  egarnlent  to  the  gre^WMkc  of  nattenberg. 


148         BOOK  II.-CHAP.  II.-4UBMEDIAL  STKATA. 

almost  all  the  mouhtain  chains  of  the  south  of 
this  country  llie  district  of  Leadhills  is  nearly  in 
the  central  portion,  where  Lauder  rises  to  S190 
feet.  This  chain  of  greywacke  crosses  the  island^ 
extending  from  sea  to  sea.  ^  It  abounds  in  metallic 
veins  grouped  together,  especially  in  its  weeftem 
part  Various  ores  of  lead,  zinc,  iron,  nickel,  and 
copper  occur,  of  which  the  first  alone  is  an  object 
of  commercial  importance.  It  is  superfluous  to 
attempt  an  enumeration  of  the  places  where  this 
transition  schist  is  found ;  as  it  is  an  essential  con- 
stituent of  almost  every  country  on  the  sur&ce  of 
the  globe,  demonstrating  the  universality  of  those 
interior  convulsions  which  were  accessory  to  its 
production. 

Limestone. — The  limestone  of  the  submedial 
class  is  to  be  distinguished  from  the  other  limestones, 
chiefly  by  its  position.  Its  grain  is  scarcely  so 
highly  crystalline  as  that  of  the  limestone  found 
among  the  primitive  rocks.  More  frequently  its 
fracture  js  scaly,  approaching  to  compact,  and  even 
completely  so.  It  is  uniformly  translucent  on  the 
edges,  unless  when  occasionally  mixed  with  too  large 
a  quantity  of  foreign  matter.  Its  colour  is  very 
various.  Most  part  of  the  marbles  employed  in 
architecture,  are  from  the  intermediate  rocks  ;  the 
primitive  being  alone  adapted  for  statuary,  by  the 
fineness  of  its  grain,  and  the  purity  of  its  white.  In 
the  mixed  beds  of  slate  and  limestone,  each  of  the 
two  substances  is  formed  by  itself;  the  limestone 
occurring  in  flattened,  ovoid,  or  lenticular  masses, 
disposed  in  nearly  parallel  planes,  separated  and 
enveloped  by  the  schistose  .ma«i.      Kmow^  \3ftfc 
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mioerals  contained  in  the  intermediate  limestone 
we  may  distinguish 'fayaMne  quartz, .  lydian  stone, 
(flinty  slate,)  and  mica,  or  talc,  passing  into  steatite. 
In  some  of  the  black  coloured  beds,  of  the  North 
of  France,  the  carbonaceous  matter  is  iq  such  quan- 
tities, as  to  form  masses  of  stone  coal  (anthracite), 
^proaching  occasionally  in  its  nature  to  common 
coal. 

In  the  olderlimestones  of  Flanders,  agreatquan- 
ti^  of  zoophytes  have  been  found.  These  with 
madrepores,  and  millepores,  are  sometimes  so  abun- 
dant in  certain  intermediate  strata,  that  M.  Schlot- 
thetm  was  led  to  believe  them  the  work  of  these 
animals,  like  the  limestone  reefe  of  the  South  Sea. 
The  orthoceratites,  which  approach  to  that  order  of 
aoimals,  also  occur  in  considerable 
abundance,  along  with  fragments 
of  entrochi  and  encrinites.  The  ^ 
■hells mostfrequentlyfound there,  i 
u-e  terebratulites,  turbinites,  cer- 1 
tain  ammonites,  and  belemnites.  ^ 
But  the  only  fossil  which  appears 
to  be  characteristic  of  the  tran- 
ution  limestone,  is  the  trilobite,  a 
singular  extinct  animal  of  either 
the  crustaceous  or  insect  tribe. 

In  a  great  many  points  of  the  Hartz  mountains, 
particularly  towards  Blankenberg,  it  furnishes  a  fine 
marble  like  that  called  by  the  Italians,  rosso  coralUno. 
In  Saxony,  it  occurs  in  the  vicinity  of  Kalkgriin 
and  Wildenfels,  ^m  which  it  extends  even  into 
the, territory  of  Bayreuth.  There  it  foima  ^fieteox. 
marbles,  one  of  which  is  blacky  and  a:p^^aM^^^ 
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doadj  to  that  knowa  in  Italy*  under  the  name  of 
Nero  d^Egitto.  It  is  full  of  fnigments  of  entrpchL 
In  the  South  of  France,  among  the  Pyrenees^  the, 
transition  limestone  is  very  abundant ;  constituting 
the  principal  mass  of  the  intermediate  formations, 
of  these  mountains.  In  the  north,  it  forms  a  por- 
tion of  the  great  transition  zone,  which  stretcbea 
from  Flanders  into  the  Hartz.  Here  it  alternates, 
repeatedly  with  roofing  slate.  It  furnishes  Paris 
with  black  marbles  (of  Namur  and  Dinant).  The 
granite  marble^  of  the  Ecaussines,  4  leagues  north  of 
Mons,  has  white  spots,  which  are  fragments  of  shells^ 
particularly  encrini,  converted  into  lime-spar.  These 
transition  rocks,  serve  as  a  basis  to  the  coal  district, 
of  Flanders.  The  Alps  are  flanked  by  a  prodigious 
calcareous  belt,  which  extends  from  France  into 
Hungary,  from  8  to  15  leagues  in  breadth,  rising 
into  mountains  upwards  of  12,000  feet  high.  A 
portion  in  contact  with  the  primitive  formations,^ 
belongs  to  the  intermediate  class,  and  alternates  with 
clay  slate.  A  few  trochites  and  encrinites  occur  in  it. 

In  Fngland,  one  narrow  chain  of  submedial  limie- 
stone,  runs  through  South  Wales,  in  a  south-west 
direction  from  near  Wolverhampton,  south  of  SL 
David's ;  another  in  North  Wales  passes  from  near 
Ormeshead,  south  through  Llanrwst  to  Bala;  a 
third  goes  from  Shap  towards  Ulverstone,  through 
Westmoreland  ;  fourthly,  there  are  several  ridges  of 
it  near  Exeter  and  Plymouth ;  besides  a  few  smaller 
separate  patches.  It  occurs  in  Scotland,  near  the 
Crook  on  the  road  to  Moffat,  and  in  many  other 
situations. 

Gypsum  is  very  common  \n  \he  vatetraftAVate 
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strata.  That  of  the  Alps  is  usually  of  a  vei!:y  white 
colour,  a  fine  grain,  and  sometimes  compact,  con- 
taining also  particles  of  limestone,  mica,  or  talc, 
^a^  gem,  and  sulphur.  The  salt  rnine^  and  springa 
of  Bex,  near  Geneva,  are  supposed  to  belong  to  a 
saliferous  gypsum  lying  in  beds,  among  a  submedial 
limestone  impregnated  with  argillaceous  and  coaly 
matter.  Among  these  ai'e  strata  of  clay-alate  pas- 
sing into  grey wacke,  containing  a  pretty  large  quan- 
tity of  salt  in  grains,  nodules,  and  veins,  7  or  8  inches 
thick.  The  gypsums  of  Tyrol,  Salzbourg,  Wieliczka, 
&c.  lie  in  a  mass  of  clay ;  they  are  anhydrous  in 
the  interior  of  the  mines,  but  at  about  60  feet 
from  the  surface  of  the  ground,  water  has  been 
introduced,  converting  them  into  ordinary  Paris 
plaster.  The  gypsum  of  the  environs  of  Tarascon, 
iu  the  Pyrenees,  rests  on  the  primitive  rocks,  and 
is  covered  by  a  limestone  containing  ammonites. 

CHAP.  III.— MEDIAL  OR  CARBONIFEROUS  STRATA. 

Wb  now  approach  a  subject  of  great  geological 
interest,  the  coal-measures ;  the  main  spring  of 
the  manufacturing  prosperity  of  Britain.  On  enter- 
ing on  these  formations,  a  few  remarks  on  their 
general  features  may  be  useful.  We  no  longer  find 
ourselves  among  rocks,  consisting  of  such,  a  variety 
of  minerals,  and  mineral  elements,  which  being  dif- 
ferently combined,  according  to  complex  laws  of 
affinity,  and  pecuUar  local  circumstances,  produced 
a  great  diversity  of  compounds.  Here  we  shall 
have  more  uniformity ;  we  shall  ob^eiN^  ts^^ssj^ 
rektively  simple,  deposited  one  ovet  o^oi^^t  \cv 
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the  form  of  layers  of  conudemble  extent.  The 
superpositions  .Willi be  very  manifest,  the  relative 
ages  incontestible,  and  the  systems  of  beds  consti- 
tuting a  whole,  or  the  formation-suites,  will  be  much 
easier  to  recognise  and  determine. 

Strata  of  limestone,  alternating  with  strata  result* 
ing  from  the  debris  of  primitive  rocks,  make  up 
the  entire  body  of  secondary  formations. 

To  the  limestone  properly  so  called,  gypsum  is 
sometimes  joined.  The  debris  of  ancient  rocks 
unite  here  to  form  breccias,  puddingstones,  sand- 
stones, sands,  clays  and  marls.  These  several- 
matters,  by  the  differences  which  they  present  in 
their  associations,  and  in  the  substances  which 
accompany  them,  or  which  they  include,  enable  us 
to  determine  their  diversities  of  epoc^i  or  deposition. 

The  numerous  vestiges  of  animals  and  vegetables^ 
which  occur  in  secondary  districts,  will  afford  us  a 
great  facility  for  effecting  these  determinations  ;  the 
different  formations  possessing  always  some  fossil 
peculiar  to, them,  which  enables  them  to  be  distin- 
guished, even  when  they  occur  in  insulated  -  spdts, 
so  that  their  true  geological  locality  could  not  other- 
wise be  known.  The  secondary  formations  which 
have  been  most  studied,  are  those  of  England,  the 
centre  of  Germany,  and  the  North  of  France. 

In  the  central  parts  of  Germany,  in  Thuringia, 
Mansfeld,  &c.  a  great  many  mines  of  coal,  copper, 
and  salt,  have  made  the  strata  be  well  understood. 
They  present  four  great  formation-suites.  The  first 
which  reposes  immediately  on  the  primitive  or  tran- 
sition beds,  is  chiefly  composed  of  sandstone,  and 
bears  the  name  of  red  sandstone,  ot  coaX  ^axvdi^YOTL^^ 
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the  coal  measures  forming  a  part  of  it.  The  second 
which  comprehends  the  most  ancient  of  the  secon- 
dary limestones,  is  divided  into  two  principal  layers. 
The  third  is  a  newer  sandstone  called  the  spotted  or 
speckled  sandstone,  or  sandstone  with  clay.  And  the 
last  is  a  limestone  enclosing  many  shells,  and  called 
in  consequence  the  shell  limestone  (muschelkalk). 

Mr.  William  Smith  was  the  first  geologist  who 
showed,  in  his  admirable  researches  and  map,  that 
England  is  regularly  distributed  into  strata,  that  the 
order  of  superposition  is  never  inverted,  and  that 
exactly  similar  fossils  are  found  in  all  the  portions 
of  the  same  stratum,  and  at  great  distances  asunder. 
The  following  is.  the  order  given  by  Mr.  Smith. 
On  the  primitive  territory  which  forms  the  western 
portion  of  England,  there  exists  a  red  or  brown 
fisuidstone,  which  appears  to  be  a  grey  wacke,  above 
which  lies  the  encrinal  or  mountain  limestone, 
which  some  have  described  among  the  intermediate 
dass.  We  find  after  this,  progressively  as  we  advance 
towards  the  east,  a  succession  of  great  beds  which 
dip  towards  that  point  of  the  horizon.  These  beds 
are: — 

1.  The  coal  formation  or  coal  measurea  ; 

2.  Yellowish  magnesian  limestone  ; 

3.  Marl,  and  rej)  sandstone,  gypsum,  rock-salt ; 

4.  Argillo-bituminous  limestone  (Lias),  containing  many  am- 
.   monites. 

5.  Blue  marl  with  belemnites,  gryphites ; 

6.  Oolitic  limestone ; 

7.  Compact  limestone  with  schistose  clay ; 

8.  White  and  sandy  limestone — a  thin  layer  ; 

9.  Schistose  clay  of  a  deep  blue  colour ;  caXcBxeoJ^oA  %sA\:t>X2ar 

minouB ; 
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eutii,cby; 
11.  limestoiie  with  n 
IS.  Blwahmarl; 
IS.  GraoB   Mod,  oftm   Men/i 


14.CUk: 


16.'  Fbrtic  clay ; 

17.  Bloidi  or  Loadon  cUy. 


vt^  Iht  terkt  of  itrala  /ma  SHorden  to  London. 
I.  Old  led  wnitenne ;  8.  Mountain  liinettonc;  3.  Coal  mea*nrM{ 
^  MagDetiaD  limestone;  S.  Red  marl;  6.  Liai;  7.  Oolite;  %•  Ijm^ 
atone;  9.  Clay;  10.  Sand;  II.  Lime  marl;  IS.  Green  land;  13. 
Chalk;  14.  Sand;  15.  Clay;  16.  London  rlay.  Prom  the  narrow 
bonoda  of  tbc  figure,  itnta  4^  ^  &c.  are  placed  in  an  inclined,  iiMlcd 
ofanearljF  hoHzootal  portion. 

An  analogous  suite  of  strata  has  been  observed 
in  France,  and  other  parts  of  the  continent ;  wbicfar 
if  not  entirely  the  same,  are  at  least  equivalent 
formations ;  that  is,  parallel  and  congruous. 

Before  entering  into  the  details  of  the  several 
strata,  we  may  take  a  general  view  of  their  relations. 
The  red  sandstone  passes  by  an  uninterrupted  con- 
tinuity into  the  greywacke ;  it  is  the  same  sub- 
stance in  every  respect,  only  the  bed  alternating  with 
the  clay-slate  is  regarded  as  belonging  to  the  inter- 
nedlia/is  class.  The  coai-sandstone  is  linked  also 
with  other  nxrks,  vhlch  extend  e\eii  to  Vine  ^tvmv- 
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love  fonnations,  of  the  eruptive  kind,  namely,  granite 
and  porphyry,  as  at  Thuringerwald.  The  con- 
nexion of  the  intermediate  limestone,  with  the  coal 
measures,  is  in  like  manner  certain.  On  quitting 
the  district  of  Newcastle,  which  presents  the  coal 
formation  in  its  utmost  purity,  and  advancing 
towards  Derbyshire,  we  observe  first  of  all  some 
beds  of  encrinitic  or  mountain  limestone,  placed 
between  the  sandstone  strata,  which  increase  in 
number,  and  eventually  become  the  predominant 
rock.  It  appears,  therefore,  that  in  the  succession 
of  mineral  strata  there  is  such  a  concatenation,  that 
on  departing  from  one  line,  it  is  difficult  to  point 
out  any  broad  plane  of  demarcation,  either  above  or 
below;  and  we  are  led  by  the  most  striking  relations 
to  consider  certain  masses  as  forming  but  a  single 
9uite,  which  viewed  separately,  and  at  a  great 
distance,  are  perfectly  distinct 

The  coal  measures  form  most  regular  beds  of 
stratification,  with  peculiar  inflections  worthy  of 
attention.  A  very  large  portion  of  this  formation 
is  deposited  in  valleys,  at  the  foot,  and  along  the 
flanks  of  primitive  mountains;  it  is  moulded  on 
t^ir  bottoms  and  sides,  and  partakes  of  all  their 
inequalities ;  thence  arises  the  contorted  shape  of 
certain  strata  of  coal ;  thence  their  direction  parallel 
to  that  of  the  sides  of  the  basin  which  encloses 
them,  and  determines  their  sinuosities ;  thence  their 
great  inclination  against  the  precipitous  flanks  of  a 
¥aUey»  their  gentler  slope  towards  the  middle,  where 
they  become  horizontal,  and  their  renewed  ascent 
and  inclination  on  the  other  side  oi  the  \^e^. 
(xeohgicd  observation  proves  in  gesieraH  ^^k^  ^^"sjei 
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Strata  are  now  in  the  same  situation,  as  at  the  period 
of  their  deposition  on  the  primitive  rocks ;  and  con- 
sequently that  neither  eruptions  nor  revolutions 
have  set  them  up  in  the  inclined  posture  which  thej 
exhibit  in  very  many  places.  When  they  are  greatly 
inclined,  they  become  gradually  thinner  transversdy 
towards  the  upper  edge  of  the  basin,  and  thicker 
towards. its  bottom,  an  effect  analogous  to  what 
would  happen  to  materials  deposited  on  the  sloping 
s|irfaces  of  planes  lying  more  or  less  oblique  to  the 
horizon.  To  this  statement,  there  are  no  doubt 
many  exceptions ;  for  it  is  well  ascertained  that 
several  beds  have  been  raised  up  subsequentiy  to 
their  deposition  and  consolidation.  We  may  mention 
tiie  beds  of  Anzin,  near  Valenciennes,  so  singularly 
folded  backwards  and  forwards.  To  form  an  idea 
of  their  derangement  let  us  conceive  a  stratum 
dipping  towards  the  south  at  an  angle  of  75** ;  that 
at  a  certain  depth,  two  hundred  yards  for  example, 
it  turns  suddenly  back,  rising  towards  the  north  at 
an  angle  of  15^  with  the  horizon ;  after  proceeding 
in  this  direction  for  nearly  600  yards,  it  is  folded 
back  again,  so  as  to  dip  southwards  anew  at  an 
angle  of  75**.  It  thus  presents  nearly  the  figure  N. 
Let  us  now  imagine  a  great  number  of  strata  of 
coal,  sandstone,  and  shale  (slate-clay),  having  all  this 
shape,  incased  one  within  another,  and  thus  forming 
an  enormous  bale,  half  a  league  broad,  and  several 
leagues  long,  and  we  shall  have  a  pretty  exact  idea 
of  the  system  of  beds  in  which  lie  the  valuable 
!coal-mines  of  Anzin.  In  these  convolutions  the 
strata  of  coal  are  frequentiy  broken,  their  tabular 
masses  are  intennixed  with  tho^  o£  yVv^  to^^  \3wX 
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sometimes  also  the  foldings  are  rounded  off,  with- 
out any  appearance  of  rupture.  A  bed  nearly  two 
feet  thick  was  observed  by  M.  D'Aubuisson,  folded 
into  a  very  regular  curvature,  forming  an  arc  of 
about  100^,  with  a  radius  of  4  yards  ;  all  the  tables 
of  the  coal  followed  this  curvature,  preserving  a 
perfect  parallelism  with  the  contour,  and  the  same 
thing  was  manifest  in  the  mineral  strata  of  the  roof 
and  the  floor.*  The  collieries  of  the  environs  of 
Mons,  and  of  several  other  places,  present  foldings 
of  the  same  kind. 

What  may  be  the  cause  of  such  extensive,  extra- 
ordinary, and  we  might  even  say  grotesque  convo- 
lutions ?  We  may  remark,  in  the  first  place,  that 
the  stratum  of  slaty  clay,  or  sandstone  which  forms 
the  roof  of  a  bed  of  coal  in  one  of  its  portions,  serves 
as  a  floor  a  little  further  on  ;  and  that  consequently, 
had  the  foldings  been  of  original  fontiation,  the 
Stratum  of  sandstone  deposited  immediately  after 
Aat  of  coal,  should  have  been  placed  there  partly 
above  and  partly  below,  an  absolutely  impossible 
event,  especially  when  the  deposition  is  mechanical 
like  sandstone.  As  no  change  of  position  in  the 
coal  measures  taken  in  their  totality  could  exhibit 
a  case,  where  the  bed  of  sandstone  would  have  been 
deposited  entirely  above  the  stratum  of  coal,  we  must 
necessarily  admit  that  the  form  of  the  beds  is  owing 
to  a  mechanical  cause  which  has  acted  posteriorly 
to  their  formation,  but  before  their  complete  conso- 
lidation, since  the  beds  present  in  several  places  curv- 
atures perfectly  rounded  off  without  any  fracture. 

Contortions  analogous  to  the  above  are  dis^Va.^^d 

•  Tndt6  de  Oeognosie,  Tom.  11.  p.  %^. 
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in  ft  particularly  striking  form  on  the  cMMa  of 
Bridesbay,  Pembrokeshire»  near  littlehaven.  Gem 
eniUy  spaOdng  where  soUd  ma9se8  of  limestone  and 
sandstone  associated  with  the  coal  are  raised  up  ia 
high  angles,  but  still  placed  in  nearly  regular  planer 
the  more  tender  argillaceous  or  slate-clay  beds  an 
usually  folded,  or  as  it  were  crumpled  togellier» 
The  Mendip  hills  and  adjacent  collieries  in  SonusTp 
setshire  afford  good  illustrations  of  this  fact,  which 
strongly  suggests  the  idea  of  a  mechanical  force 
having  elevated  the  more  solid  rocks  in  mass{ 
while  the  more  pliant  materials,  yielding  to  its 
lateral  pressure,  have  become  irregularly  contorted* 
These  phenomena  cannot  be  ascribed  to  any  intrin* 
sic  agency  like  crystallization;  for  they  appear 
common  to  all  rocks,  even  those  most  decidedly 
mechanical  in  their  structure.  They  are  equally 
observable  in  the  most  recent  members  of  the  oolitic 
series  in  the  Isle  of  Purbeck.  .  ^ 

The  faults,  slips,  or  dislocations  of  the  coal-fields, 
are  irresistible  evidences  of  their  having  been 
affected  by  violent  mechanical  convulsions,  subse^ 
quently  to  their  original  formation.  These  fissures 
which  traverse  the  strata  in  so  many  directions, 
have  occasioned  the  downfall,  and  upheaving  of  the 
two  portions  which  they  disjoin.  Hence  when  the 
miner  advancing  in  the  line  of  his  seam,  comes  to 
a  fissure,  he  no  longer  finds  the  coal  on  tlie  same 
level ;  the  corresponding  part  of  it,  is  one,  two, . 
three,  or  more  yards  lower  or  higher  according  to 
the  force  of  dislocation.  These  fissures  are  fre- 
quently filled  with  fragments  of  sandstone,  and  the 
other  substances  of  the  coal  format\oTv>  >«\\ew  iVve^ 
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are  called  &ults.  Their  magnitude  is  ofltiii  con- 
tiderable,  amountiDg  sometimes  to  100  yards  in 
thickness.  At  other  times  the  seams  of  cosd  are  not 
deranged  from  their  position,  but  the  portions  con- 
tiguous to  the  faults  are  as  it  were  contorted  or 
broken.  It  is  obvious  how  interesting  to  the  miner, 
the  knowledge  of  these  dislocations  must  be,  of 
which  a- great  many  are  occasionally  crowded  into 
a  narrow  space.  They  iu«  sometimes  called  traps, 
from  their  resemblance  to  a  step,  so  named  in  the 
northern  tongues.  The  direction  of  the  fissures  is 
commonly  vertic^. 


WiHatioB  SeiDU.  Flulton  HiD. 

The  above  figure  Is  part  nf  a  Eection  of  ihe  Bristol  coal  barin,  from 
NJI.W.  to  aS.E.  The  faalt  of  70  rathoms,  on  the  left,  is  near  Mid- 
■UEuner  Norton  ;  that  at  the  right,  is  near  High  Littleton.  Faulton 
b31,  to  tiie  lert  of  the  20  bthom  fault,  is  topped  with  oolite,  beneath 
wtrich,  is  a  bed  of  lias,  theo  the  newer  red  sandstoDe,  and  finally,  the 
pranant  and  coai  seams.  The  wood.engniTtng  is  accorately  copied  from 
•  aectioQ  accompanying  the  Rev.  Dr.  Buckland'a  and  Mr.  Conybeare'a 
excellent  paper  on  the  south-western  coal  district  of  England. — Gedo- 
ipeal  TratutKtinnt,  A'nc  Seriei,  Vol.  I.  p.  810. 

The  coal-measures,  especially  in  Great  Britain, 
are  also  sometimes  cut  across  by  great  veins  or 
dykes  of  a  basaltic  nature.  At  Newcastie  these  are 
very  numerous,  and  their  size  is  aometimea  "^t^v 
gioasly  great.     They  extend  tlirowgh  a  gtea-t-tMSK^ 
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jniles  of  country,  wiUi  a  thickness  of  ten,  twmty^ 
or  even  fifty  yards.    Their  colour  is  blackish-green } 
they  are  compact,  and  sometimes  amygdaloidal, 
having  almond-like  concretions  interspersed  in  theb: 
substance.    In  their  proximity,  the  coal  is  car- 
bonised, ttssuming  a  grey  colour,  and  a  reedy  struc- 
ture, the  sulphur  is  sublimed  out  of  the  pyrites, 
and  the  sandstone  has  acquired  considerable  hard* 
ness.    These  changes  extend  to  several  yards  dia* 
tance^  even  to  twenty  in  some  situations.  Occasion- 
ally these  veins  seem  as  if  composed  of  two  portions 
separated  by  a  middle  space,  a  few  yards  wide, 
which  is  filled  with  the  materials  of  the  coal  forma- 
tion, more  or  less  altered.     In  one  of  these  inter- 
stices,  galena  has  been  found.     The  two  portions 
of  the  same  coal-seam  remain  sometimes  on  the 
same  plane,  on  either  side  of  the  vein  ;  but  at  other 
times,  the  deviation  is  very  great,  being  nearly  200 
yards  alongside  of  one  dyke  in  Northumberland  j 
that  being  the  most  remarkable  one  of  the  district. 
Basaltic  dykes  traverse  the  subjacent  formations 
of  limestone  and  millstone-grit,  as  well  as  the  coal 
measures  themselves.     They  may  be  seen  indeed 
penetrating  up  into  rocks   of  much   later  date. 
Limestone  is  often  rendered  highly  crystalline  and 
unfit  for  burning  into  lime,  from  the  influence  of 
this  rock,  as  happens  to  the  two  undermost  strata 
at  Wratchiff  crag  in  Northumberland.     Slate-clay, 
or  shale,  is  turned  into  a  substance  like  flinty  slate 
or  porcelain  jasper.     This  is  tlie  case  with  the  stra- 
tum lying  immediately  beneath   the  upper  bed 
of  basalt  at  Wratchiff*  crag  ;  and  the  coal  is  inva- 
r/oA^  charred,  into  blind  coal  or  coak,  ^Wtvyw  eon- 
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tact  with  it.  The  sandstone  on  which  it  sometimes 
reposes^  is  changed  for  some  depth  to  a  brick- 
red  colour.  The  most  considerable  dyke  in  the 
neighbourhood  of  Newcastle,  is  that  which  passes 
through  the  Coley-hill,  about  four  miles  west  of  the 
town.  The  dyke  is  vertical,  and  24  feet  thick. 
The  basalt  composing  it,  lies  in  detached  masses, 
which  are  coated  with  yellow  ochre.  The  removal 
of  these  brings  to  view  thin  layers  of  indurated 
clay,  with  which*  the  fissure  is  lined,  which  break- 
ing into  small  quadrangular  prisms,  are  used  by  the 
country  people  for  whetstones.  In  this  argilla- 
ceous substance,  clay-ironstone  impressed  with  the 
figure  of  ferns  is  very  abundant. 

The  upper  seam  of  coal  occurs  here  at  about  35 
feet  beneath  the  surface,  and  where,  in  contact 
with  the  dyke,  is  completely  charred,  forming  an 
ash-gray  porous  mass,  which  breaks  into  small 
columnar  concretions,  exactly  resembling  the  coak 
obtained  by  baking  coal  in  close  iron  cylinders  in 
the  process  of  distilling  tar.  Calcareous  spar  and 
sulphur  are  disseminated  through  the  pores  of  this 
substance.* 

»  To  the  east-south-east  of  the  Coley-hill  dyke  in  the  line  of  its  direc- 
tion, a  vein  is  found  traversing  Walker  Colliery,  and  crossing  the  Tyne 
at  Walker.  This  dyke  is  well  defined.  It  occasions  no  alteration  in 
the  level  of  the  coal  strata,  and  its  depth  is  unknown.  It  has  been  cut 
through  by  horizontal  tunnels  at  four  places.  On  each  side  of  the  dyke, 
the  coal  is  converted  into  coak,  which  on  one  side,  in  some  places,  was 
found  to  be  18  feet  thick,  and  on  the  opposite  side  upwards  of  nine 
ftet.  A  firm,  hard,  and  unbroken  vein  of  basalt,  on  an  average,  about 
13  feet  thick,  was  in  immediate  contact  with  the  coak  on  each  side ; 
and  between  these  two  veins  lay  nodules  of  basalt  and  sandstone, 
upwards  of  nine  feet  in  thickness,  imbedded  in  a  cemetvX.  o^  ViVi^  ^%X^ 

A  dyke  called  the  CoekMd  dyke,  which  is  \7  feel  vi\^e»>rcv^«\«A^» 

r 
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Iq  Derbyshire^*  the  Basaltic  beds  and  veins  are 
caUed  Toadstone  from  their  colour,  and  in  Warwick- 
shir^  Rowleyrag,  from  a  group  of  hills  formed  ef 
it  at  the  village  of  Rowley,  near  Birmingham.  . 

•The  trap  often  occurs  as  at  Rowley,  in  overlying 


die soiiti^ and  throws  op  the  coal  meanirtt  on  that  ride  18  feet  Thelow 
InauHsoal  cootiguoiiB  to  thebaatdt,  is  only  nine  inches  thick,  but  iinhrgM 
to  6  feist  at  the  distance  of  150  feet  from  it.  The  coal  u  reduced  i9  m 
cinder^  and  the  sulphur  is  sublimed  from  the  pyrites  near  to  the  dyke. 

A  dyke  is  seen  on  the  banks  of  the  Tees,  a  little  below  Yarm.  It 
there  passes  into  the  newer  red  sandstone,  and  continuing  its  courae  Itt 
the  same  direction,  is  well  known  to  traverse  the  north-eastern  part  of 
Yorkshire,  near  the  still  more  recent  formations  of  lias,  and  the  sand-  % 
stone  of  the  inferior  oolite,  in  the  eastern  Moorlands,  in  its  way  to  the 
German  Ocean.  This  dyke  is  highly  interesting  from  its  great  length, 
and  from  the  evidence  which  it  affords  by  thus  penetrating  later  rocks,  • 
that  it  must  have  owed  its  origin  to  eruptive  forces,  in  action  at  a 
period  long  subsequent  to  the  formadon  of  the  coal ;  a  proof  which 
yields  a  strong  analogical  presumption  that  the  other  dykes  of  the  coal- 
measures  are  likewise  subsequent,  and  not  contemporaneous  phenomena. 

These  circumstances  render  the  coiu^e  of  this  dyke,  through  the 
more  recent  formations,  a  matter  of  much  geological  importance.  It 
may  be  traced  from  Berwick  on  the  Tees  in  an  easterly  direction.  Hear 
the  villages  of  Stanton,  Newby,  Nanthorp,  and  Ayton.  At  Langbath 
ridge  a  quarry  is  worked  in  it ;  it  passes  south  of  the  remarkable  hill 
called  Roseberry  Topping,  near  Stokesly,  and  thence  by  Lansdale  to 
Kildale.  It  may  be  seen  on  the  surface  nearly  all  the  way  in  the 
above  track.  From  Kildale  it  passes  to  Denbigh-dale  end,  and  through 
the  village  of  Egton-bridge,  and  hence  over  Leace  ridge  through  Goth- 
land, crossing  the  turnpike  road  from  Whitby  to  Pickering,  near  the 
seven-milestone  at  a  place  called  Sillon-cross  on  a  high  moor.  Mr. 
Bakewell  examined  it  at  this  place,  where  it  is  quarried  for  the  roads, 
and  is  about  1 0  yards  wide.  From  this  place  it  may  be  traced  from  Blea- 
hill  to  Horwood  dale,  in  a  line  towards  the  sea,  near  which  it  is  covered 
with  alluvial  soil ;  there  can  be  no  doubt,  however,  that  it  extends  into 
the  German  Ocean.  It  is  a  dark  grayish-brown  basalt,  which  turns 
brown  on  exposure  to  the  atmosphere,  and  is  the  chief  material  for 
making  roads  In  the  district  called  Cleveland.  The  dyke  enters  the 
lias  near  Nanthorp,  and  the  sand  of  the  inferior  oolite  near  Roseberry 
Topping, 
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masses,  as  if  effused  above  the  strata,  forming  tops 
to  the  mountains,  and  distinctly  reposing  on  the 
coal  measures.  Mr.  Bakewell  states,  that  he 
observed  in  connexion  with  the  basaltic  cap  of  the 
Tinterston  Clee  (Shropshire),  a  vast  fissure  or  dyke, 
more  than  100  yards  wide,  filled  with  the  same 
basalt  that  intersected  the  hill,  cutting  through  the 
coal  fields.  It  rises  from  an  unknown  depth,  and 
seems  to  have  forced  a  part  of  the  coal  to  the  sur- 
face. Where  the  basalt  comes  out  in  contact  with 
the  coal,  it  has  injured  its  quality,  and  reduced  it  to 
a  sooty  state. 

S  I.    OF  THE  NATURE  AND  ORIGIN  OF  COAL. 

There,  are  three  different  substances  to  which  the  ■ 
name  of  coal  has  been  given : — 1 .  Lignite  or  fossil- 
'ized  wood,  in  some  places,  retaining  its  texture  very 
distinctly,  and  passing  by  a  series  of  gradations 
from  this  state  to  that  of  jet.  Bovey  Heathfield,  in 
Devonshire,  affords  a  good  example  of  this  deposit ; 
and  similar  beds  may  be  found  on  the  banks  of  the 
Rhine,  between  Cologne  and  Bonn  ;  as  also  in  the 
basaltic  area  of  the  north-east  coast  of  Ireland. 

2.  Anthracite  or  stone  coal,  a  substance  destitute 
of  bitumen,  occurs  on  the  continent,  in  mica-slate 
and  other  primitive  rocks.  In  the  transition  slates 
of  Derbyshire,  anthracite  also  occurs.  Carbona- 
ceoi^s  matters  of  this  kind  can  never  be  profitably 
worked,  so  as  to  become  objects  of  statistical  interest 

3.  The  proper  coal  measures,  called  the  Inde- 
pendent  Coal  Formation,  by  Werner,  from  its 
occurring  in  insulated  basins.  This  great  carbona- 
ceous deposit  18  interposed  between  \\\e  TOftxvt&stf^^ 
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limestone,  and  old  red  sandstone  below,  and  the 
saliferous  or  newer  red  sandstone  above. 

Coal  is  a  peculiar  compound  of  c^rjbon,. hydrogen, 
and  oxygen,  in  which  the  first  principle  greatly  pre- 
dominates.  A  little  azote  is  also  generally  present 
Some  coals,  when  distilled  at  a  red  heat,  afford  a 
considerable  quantity  of  bitumen  or  tar,  oihers, 
such  as  blind  coal,  afford  none,  and  burn  without 
flame.  The  bitumens,  petroleums,  and  naphthas, 
contain  more  hydrogen,  -  and  less  oxygen,  than 
coals  dp.    . 

Dr.  MaccuHoch  has  shown,  that  the  substances 
produced  from  wood  exposed  under  pressure,  to 
the  action  of  fire,  are  not  true  bitumens  or  coal, 
as  had  been  supposed  by  Sir  James  Hall,  but  forms 
of  a  peculiar  compound,  resembling  indeed  the 
bitumens  in  polour  and  inflammability,  but  essen-' 
tially  different  in  many  respects,  containing  more 
oxygen  than  the  true  bitumens.  He  calls  this  arti- 
ficial body,  biStrCf  a  name  commonly  given  it  by 
artists.  The  doctor's  experiments  discountenance 
the  idea  that  fire  has  been  the  agent  of  converting 
vegetable  matter  into  bitumen. 

By  a  series  of  experiments  on  peat  and  various 
lignites,  their '  gradual  progress  of  bituminization 
was  ascertained.  In  jet,  the  extreme  term  of  the 
lignite  series,  no  chemical  difference  from  coal 
existed,  except  that  it  afforded  acid  in  distillation, 
instead  of  ammonia,  or  volatile  alkali,  which  is  a 
product  of  true  coal. 

We  have  evidence  indeed,  that  the  action  of  water, 

on  turf,  or  wood,  is  sufficient  to  convert  them  into 

suJkstaaces  capable  of  yielding  bilumeti  Vw  d\s»\iVW 
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tion.  The  same  action  operating  during  a  longer 
period,  may  have  probably  produced  a  change  on 
the  brown  coal  of  Bovey.  From  this  to  the  harder 
lignites,  surturbrand,  and  jet,  the  transition  is  so 
gradual,  that  water  may  possibly  effect  the  bitumi-  • 
nization  in  all  these  varieties;  "  nor  is  there  aught  in 
this  change,**  says  Dr.  MaccuUoch,  "  so  dissonant 
from  other  chemical  actions,  as  to  make  us  hesitate 
in  adopting  this  cause.  By  the  application  of  heat 
under  compression,  to  jet,  it  seems  to  fuse  into  a 
substance  like  true  coal.**  The  incipient  stage  seems 
therefore  the  work  of  water,  the  final  one,  of  fire. 
Whether  these  two  agents  have  been  conjoined  by 
nature  in  her  great  coal  formations,  is  altogether 
uncertain,  and  must  be  left  to  future  inquiry.  Cer- 
tainly that  hypothesis  which  traces  the  change  to 
^  water  alone,  is  the  preferable.  Had  fire  been  an 
agent  extensively  or  generally  employed,  it  is  difiicult 
to  conceive  why  it  did  not  at  the  same  time  conso- 
lidate Ihe  shales  and  sandstones.  The  coal-districts 
exhibit  no  unequivocal  tokens  of  igneous  agency, 
except  where  they  are  traversed  by  whin-dykes. 
The  great  chemical  argument  appears  to  be,  that 
the  coal  exhibits  exactly  the  same  results,  as  the 
most  decided  lignites,  the  process  being  merely 
further  advanced.  Iron  pyrites  is  often  dissemi- 
nated in  great  abundance  among  the  coal.  1  have 
examined  with  great  care  many  specimens  of  coals 
of  the  purest  quality,  and  have  always  found  in  them 
more  or  less  iron. 

.    However  numerous  and  powerftil  the  objections 
which  may  be  offered  against  the  vegetaXA^  o\\^\t 
of  coal,  it  appears  very  difficult  to  coxvte^X*  Vl. 
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When  we  see  the  multitude  of  reeds  filled  and 
surrounded  with 'sandstone,  having  their  thin  scaly 
bark,  converted  into  a  true  coal,  it  is  impossible  to 
doubt  of  its  vegetable  origin.  The  same  thing  is  true 
of  the  impressions,  which  are  very  frequently  found 
in  the  slate-day,  completely  reduced  to  the  state 
of  common  coal.  When,  in  the  coal-measures,  we 
observe  the  vestiges  of  vegetables  becoming  more 
numerous,  in  propbrtion  as  we  approach  the  strata 
of  coal,  and  as  the  formation  becomes  more  carbo- 
naceous, it  is  difficult  to  avoid  thinking  that  they 
must  have  existed  in  a  still  greater  quantity  in  the 
coal  seam  itself.  If  they  are  no  longer  perceptible 
there,  it  is  owing  to  chemical  agents,  operating 
on  these  masses  of  plants,  entirely  decomposing 
them,  and  rendering  their  remains  indiscernible. 
Plants  have  been  there ;  but  coal  has  replaced  them; 
It  is  therefore  natural  to  conclude  that  they  liave 
been  transformed  into  this  substance,  especially  as 
observation  and  chemistry  concur  to  show  the  pos- 
sibility  of  this  transformation.  But  did  woods, 
uprooted  forests,  and  shattered  trees  produce  the 
strata  of  pit  coal,  as  they  undoubtedly  produced 
the  beds  of  lignites  found  in  so  many  places  ?  This  ' 
is  not  maintained.  The  vegetable  matter  tliat  pro- 
duced the  coal  was  probably  reduced  to  a  pasty 
state,  and  elaborated  by  suitable  agents  amid  the 
tepid  waters  of  the  primeval  globe  ;  in  which  semi- 
fluid form  it  was  deposited  in  the  earthy  strata, 
where  it  is  now  found.  The  thin  layers  of  coal, 
which  though  but  one  or  two  finger-breadtlis  thick, 
are  plane  seams  which  reach  to  a  considerable 
extent ;  the  form  of  a  great  many  o£  \hc  oi^Tkax^j 
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beds,  whose  opposite  faces  are  perfectly  parallel 
through  a  great  space,  refute  the  notion  that  these 
beds  are  merely  heaps  of  trees  promiscuously 
crowded  together.  It  would  seem '  rather  that  the 
coal  has  been  semi-liquid  at  the  moment  of  its  depo- 
sition, and  has  then  settled  down  as  a  precipitate  or 
deposit  How  otherwise  can  we  account  for  those 
narrow  fissures  observed  in  Lusace,  less  than  an  , 
inch  thick,  which  are  filled  with  coaly-matter,  con- 
stituting true  coal- veins  ?  How  could  these  small 
veins  of  coal,  which  sometimes  traverse  the  sand- 
stone strata,  have  been  introduced,  unless  their  sub- 
stance had  been  originally  fluid  ?  How  otherwise 
could  the  numerous  bituminous  schists  which  occur 
in  the  coal-measures  get  impregnated  with  so  great 
a  quantity  of  liquid  coaly  matter  ?  How  could  the 
earthy  beds  which  serve  as  roofs  or  walls  have  im- 
bibed that  same  substance  ?  Finally,  how  otherwise 
could  the  substance  of  the  coal-seams  have  acquired 
that  homogeneous  substance  and  texture,  as  well  as 
the  faculty  of  cubical  division  into  something  like 
crystalline  forms  ? 

What  kind  of  vegetables  have  chiefly  concurred 
to  the  formation  of  coal  ?  Judging  from  the  remains 
found  in  the  coal  measures, — the  only  good  ground 
of  judgment,  we  must  conclude  that  they  were  reeds, 
ferns,  and  other  aquatic  plants,  similar  to  those  that 
have  left  their  impressions  in  the  slate  clays.  It 
deserves  to  be  remarked  that  reeds  have  always  left 
a  coaly  impression  on  the  shales  and  sandstones ; 
but  in  the  impressions  of  other  plants,  the  colour  is 
no  deeper  than  in  the  adjoining  starve. 

On  coDtemplating  the  impres8iioi\%  oi  «v\Oev  ^^- 
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cate.  leaves  and  ferns,  with  their  parts  in  perfect 
preserviUJon,  and  nowise  crumpled;  on  observing 
the  reeds  qiiite  straight  and  in  their  primitive  posi- 
tion, we  conclude  that  all  these  plants  could  not 
have  been  much  drifted  and  tossed  by  the  waters^ . 
but  that  they  now  lie  near  their  native  bed.  In 
what  degree  the  action  of  sulphuric  acid,  or  sulphate 
of  iron,  producible  from  the  p3aites  so  generally 
distributed  in  coal  measures,  has  contributed  to 
the  conversion  of  wood  into  coal,  we  have  no 
satisfactory  data  to  determine.  Mr.  Hatchett- 
has  furnished  some  ingenious  speculations  on  this 
subject. 

The  quantity  of  ammonia  which  coals  afford  in 
distillation,  has  led  some  chemists  to  suppose  that 
they  are  at  least  in  part,  a  product  of  the  decompo- 
sition of  animal  bodies.  It  is  possible  that  these 
may  have  contributed  slightly ;  but  when  we  see 
several  plants,  such  as  the  cruciform  family,  yield  am-, 
monia,  we  need  not  press  the  argument  for  its  animal 
origin.  The  bituminous  schist  of  Thuringia  which 
contains  so  great  a  quantity  of  fishes  crushed  and 
even  converted  into  a  species  of  coal,  and  which  is 
occasionally  used  for  fuel,  demonstrates  the  possi- 
biUty  of  that  carbonaceous  transmutation.  The 
coal  of  Pomiens  in  Dauphiny  yields  on  distillation 
a  large  quantity  of  ammonia.  It  contains  numerous 
sea  shells,  and  even  bones  of  marine  animals,  to 
which  probably  some  of  its  substance  is  due.  But 
as  this  does  not  occur  in  a  genuine  coal-formation, 
it  cannot  be  regarded  as  a  true  pitcoal.  *  It  is  clear, 

'however,  that  animal  matters  are  convertible  into 

Bowething  very  like  coal. 
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That  carbonaceous  matter  is  also  an  original  con- 
stituent of  the  mineral  kingdom,  is  sufficiently  ob- 
vious from  the  existence  of  plumbago,  or  nearly  pure 
carbon,,  in  the  middle  of  gneiss,  mica-slate,  and 
other  primitive  rocks.  Anthracite  or  stone  coal,  is 
found  disseminated  in  the  quartz  and  barytes  of  the 
metallic  veins  of  Kongsberg;  localities  where  it 
cannot  be  ascribed  to  the  decomposition  of  vege- 
tables. Besides  what  a  vast  magazine  of  carbon, 
is  locked  up  in  limestones,  under  the  form  of  car- 
bonic acid  ? 

To  the  vegetable  origin  of  the  coal-measure^,  the 
great  quantity  of  carbon  contained  in  them  appears 
a  formidable  objection.  In  spaces  of  no  large 
extent,  30,  40,  or  even  60  strata  or  seams  of  coal, 
occur  separated  by  layers  of  sandstone  and  schistose 
clay.  Could  this  succession  have  been  possible  had 
the  plants  remained  in  the  place  of  their  growth  ? 
Whence  could  proceed  at  regular  intervals  that 
quantity  of  herbaceous  plants,  which  has  produced 
the  61  seams  of  the  coal  basin  of  Liege  ? 

We  must  bear  in  mind,  however,  the  vigour  of 
vegetation  that  prevailed  in  these  latitudes  on  tlie 
antediluvian  globe.  Of  this  fact,  the  fossil  vege- 
tables  now  found  in  our  coal  measures  are  ample 
testimonials.— See  Book  III.  Chap.  iii. 

The  phenomena  of  basaltic  veins  and  beds,  pene- 
trating all  the  strata,  even  the  chalk  or  cretaceous 
limestone,  prove  that  during  the  whole  interval  from 
the  creation  to  the  deluge,  the  antediluvian  ocean, 
under  which:  these  basalts  were  generally  protruded, 
must  have  experienced  violent  agvtaAioxi^,  \q\v\dcL 
would  throw  up  the  waters  over  \t&  ^ox^^>  ^axA 
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sweep  down  with  the  reflux,  the  prolific  vegetation 
into  their  sandy  bed.  Here  the  high  temperature 
of  the  seiEus,  indicated  by  the  fossil  remains  of  croco- 
diles and  turtles  now  found  in  our  shell  strata,  would 
rapidly  decompose  the  submersed  plants,  into  a  bitu- 
minous paste,  where  it  would  be  soon  covered  with  a' 
layer  of  sand.  In  this  way  we  may  imagine  how  coal- 
measures  even  to  the  extent  of  Liege  or  Newcastle^ 
may  have  found  successive  beds  of  vegetable  mate- 
rial, during  the  period  that  elapsed  between  the 
creation  and  the  deluge.  We  must  not  however 
Umit  to  that  interval  the  conversion  of  the  buried  ^ 
vegetable  bodies  into  coal  \  for  unquestionably  that 
coal  might  go  on  progressively  ripening  during 
many  subsequent  ages  by  aqueous  percolation. 

One  of  the  richest  deposits  of  coal  that  is  known, 
forms  the  nearly  continuous  series  of  coal  basins 
placed  in  a  belt  about  150  miles  long  and  6  miles 
broad,  which  crosses  the  north  of  France,  con- 
taining the  coal-mines  of  Valenciennes,  Cond^ 
Mons,  Namur,  Liege,  &c.  They  produce  annually 
more  than  70  millions  of  quintals  of  coals,  worth  30 
millions  of  francs,  and  they  employ  ^5  thousand 
colliers.  Their  beds  have  a  direction  similar  to 
that  of  the  band  ;  they  are  of  an  uniform  nature, 
accompanied  with  the  same  sandstones  and  schistose 
clays.  They  present  similar  foldings,  and  every 
thing  indicates  that  they  are  parts  of  one  whole, 
which  extends  beyond  the  Rhine  to  Osnabruck. 
The  coal-mines  in  the  neighbourhood  of  Newcastle, 
put  out  annually  more  coal  than  the  whole  of  the 
above  French  district,  namely,  2,355,000  London 
chaldrons  accovdixwg  to  Mr.  Wmc\\. 
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M,  Villefosse,  in  his  Traite  de  la  Richesse  Min- 
eralCf  estimates  at  little  more  than  double  the 
above  amount  the  product  of  all  the  coal  mines  of 
England  ;  a  quantity  certainly  too  small. 

Germany  contains  several  great  deposits  of  coal, 
particularly  in  Thiiringia,  and  its.  neighbourhood,  in 
Saxony,  Bohemia,  and  Silesia.  Coal  is  very  rare 
in  the  north  of  Europe,  in  Sweden  and  Norway; 
coiintries  so  rich  in  mines  of  other  kinds.  Spain 
and  Italy  possess  almost  none. 

Coal  exists  in  China  in  considerable  quantity ; 
and  perhaps  there  is  no  country  in  the  world,  richer 
in  coal  than  the  provinces  of  Chensi,  Chansi,  and 
Petcheli,  says  M.  Panser,  in  his  Mineralogy  of  the 
Chinese  Empire. 

•  Mr.  Maclure  informs  us  that  to  the  west  of  the ' 
Alleghanys,  there  is  a  formation  of  coal  most  exten- 
sive and  regular.  Its  beds  are  from  one  to  six  feet 
thick  ;  and  are  placed  to  the  number  of  20  or  30 
over  each  other.  They  alternate  with  sandstones, 
schistose  clay,  and  clay  containing  iron  ore.* 


*  That  the  mountain  limestone  beneath  the  coal  of  the  English  mines, 
has  been  a  marine  formation,  is  perfectly  evident  from  the  nature  of  the 
imbedded  shells.  But  the  vegetable  organic  remains  of  the  coal-mea- 
sures themselves  indicate  that  their  strata  have  been  deposited  out  of 
the  sea,  most  probably  under  a  fresh-water  lake.  The  inferior  lime- 
stone stratum  may  therefore  have  been  raised  by  subjacent  expansive 
force,  before  receiving  the  succession  of  vegeto-carbonaceous,  sandy, 
and  clayey  deposits.  But  since  the  coal  measures  are  covered  in  many 
places  with  marine  strata  to  a  considerable  depth,  the  sea  must  have 
ODce  more  inundated  that  marsh  land,  converting  it  into  an  estuary. 
Successive  inundations  consentaneous  with  the  successive  submarine 
eruptions  of  trap,  which  are  known  to  have  occurred  about  tl\«X  ^^\s^ 
gicai  period,  seem  capable  of  explmmng  the  pVieaometOL  ol  ^Xxssi^aX^ 
deposits,  and  ofaccouating  for  the  introduction  amoti^xVie  co«\  xasasMX^* 


I 
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As  the  origin  of  our  coal-fidds  must  obvioudy  be 
sought  for  in  antediluvian  vegetation,  the  reader 
will  find  the  subject  amply  discussed  in  Book  III. 
Chap.  iii.  of  this  work. 

^  Lignites  which  are  manifestly  bituminized  wood^ 
hold  an  intermediate  place  in  the  gradation  between 
vegetable  matter  and  pit-coal.  They  have  the 
fibre  of  the  former,  with  the  jetty  lustre  and  frac- 
ture of  the  latter.  Some  lignites  closely  resemble 
peats  in  their  chemical  characters,  others  seem  to 
graduate .  into  perfect  coali  It  is  therefore  the 
geological  position  in  the  coal  measures,  that  de- 
fines this  combustible.  Whatever  is  found  in  the 
strata  above  the  magnesian  limestone .  has  been 
called  a  lignite.  Coal  is  in  fact  to  vegetable  matter, 
what  adipocire  is  to  animal ;  the  ffompletion  of  the 
chemical  change,  in  which  the  fibrous  structure 
disappears.  Lignite  has  generally  a  woody  aspect ; 
coal  always  that  of  a  rock. 

Lignite  appears  in  three  distinct  localities;  in 
alluvial  soils,  among  traps,  and  under  stratified  rocks. 
Marine  remains  occur  in  all  the  lignites ;  showing 
their  beds  to  have  been  formed  by  drifted  wood 
under  the  sea ;  whereas  they  are  very  rare  in  true 
coal.  Hence  one  is  led  to  infer  that  the  coal-basins 
have  been  originally  lakes  liable  to  alternate  inun- 
dations ;  whence  the  alternate  deposits  of  vegetable 

themselves,  of  a  few  sea  fossils,  the  bottom  of  the  estuary  being  of  course 
nearly  level  with  the  ocean.  That  such  eruptive  violence  accompanied 
and  followed  the  coal  formations  is  placed  beyond  a  doubt,  by  the  mul- 
titude  of  dislocations  and  dykes,  which  traverse  the  coal-fields  in  every 
direction,  and  by  the  basaltic  caps  thrown  over  them,  as  at  the 
CMtoiphine-hiUfl  near  Edinburgh,— Moccu^ocA-^Jbum.  Science^  Nou 


LIGNITES,  OR  BITUMINIZED  WOOD.  173 


I  \ 


matter,  clay  and  sand,  afterwards  converted  into 
coal,  shale  and  sandstone,  under  great  superincum- 
bent pressure,  possibly  of  the  jocean. 

Lignites  occur  abundantly  in  oolite,  passing  into 
coal  at  Carpona,  arid  in  the  island  Veglia,  where 
they  are  excavated  for  the  use  of  the  Trieste  steam 
boat.  The  lignite  mines  of  Buda  in  Hungary  are 
remarkable  for  the  supply  of  fuel  which  they  afford. 
It  seems  to  be  admitted  by  Brogniart  that  the  sup- 
posed coal  of  the  south  of  France  is  a  lignite  forma-  ' 
tion,  occupying  a  higher  part  of  the  series  than  the 
last  examples,  and  lying  in  the  green  sand  deposit. 
.  There  are  extensive  mines  in  Provence,  about 
Marseilles  and  Toulon,  where  twenty-eight  beds  are 
wrought.  The  principal  deposit  at  Cologne  is  30 
fefet  thick ;  the  locaUty  also  of  the  pulverulent  lig- 
nite so  valuable  in  painting.  Lignites  abound  at 
Soissons,  Epernay,  Laon,  St.  Paulet,  and  some  other 
'  places  in  France.  To.  the  lignite  above  the  chalk, 
are  supposed  to  belong  those  immense  deposits 
found  in  the  middle  of  the  Alps,  and  those  of  Styria 
mined  for  fuel. 

The  lowest  deposit  of  lignite  found  in  the  oolite 
is  more  akin  to  pit  coal,  than  those  found  above  the 
chalk  and  among  traps.  Oysters  and  ammonites 
have  been  found  among  them  ;  ajid  in  the  trap  coal-* 
field  of  Brora  in  Sutherland,  there  are,  besides  these 
shells,  madreporites,  the  spines  of  echini,  belem- 
nites,  terebratulae,  ^nd  other  fragments  belonging 
to  my tili  or  cardium.  Lignite,  in  some  of  its  lowest 
deposits,  forms  regular  beds  of  coal,  sometimes  of 
considerable  thickness ;  and  where  these  ^tercsaXs, 
with  the  shales,  ^sandstones,  and.  \vxae^\iOtie^  o^  "^^ 
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seriesi  the  superficial  aspect  is  so  much  like  that  of 
the  regular  coal,  that  we  cannot  be  surprised  at  ki 
having  been  mistaken  for  that  deposif 

§  II.  OLD  RED  SANDSTONE. 

This  sandstone  forms  the  bottom  lining  of  the 
great  primitive  basins  in  which  the  coal  measures  lie. 
It  occurs  sometimes  as  a  breccia  in  large  fragments^ 
sometimes  a  puddingstone,  sometimes  a  finer  sandp 
stone  finally  passing  to  an  earthy  mass,  of  porphy- 
ritic  quality.  The  visible  fragments  all  belong  to 
primitive  rocks,  granites,  mica-slates,  clay  slates^ 
porphyries,  quartz,  &c.  which  resemble  in  nature 
the  rocks  of  the  neighbouring  mountains.  Its  pre- 
valent and  characteristic  dark  red  colour  forms  its 

*  An  interesting  discovery  has  lately  been  made  near  Scarborooi^ 
in  Yorkshire,  at  Gristhorpe  Bay,  of  a  large  de[>osit  of  fossil  plants,  pre- 
senting many  varieties  hitherto  undescribed.  They  occur  in  the  strata 
called  coaltf  grit  by  Mr.  William  Smith,  a  pseudo-coal  field  below  the 
cornbrathy  being  far  above  the  geological  place  of  the  true  coal  measuras. 
The  plants  lie  in  horizontal  strata,  those  of  the  same  species  beiiig 
together,  as  if  the  localities  of  each  had  been  extremely  limited,  and  as 
if  they  had  been  suddenly  swept  down  by  a  great  torrent  of  water. 
Some  are  very  small  and  young ;  some  large,  and  others  in  fructification. 
Several  of  the  species  are  of  considerable  magnitude  and  beauty,  nay 
even  in  admirable  preservation.  The  plants  are  principally  ferns, 
different  from  those  of  our  t:oal  measives,  but  congenerous  with  many  now 
existing  in  tropical  r^ons.  Already  50  species  have  been  distinguished ; 
a  prodigious  variety  of  filices  compared  with  those  now  vegetating  in  our 
climate.  At  Cloughton,  in  a  somewhat  similar  formation,  ten  nulei 
distant,  there  are  several  other  kinds,  totally  distinct,  offering  a  number 
exceeding  the  whole  now  living  in  the  bland  of  Great  Britain.  So  that 
these  northern  regions,  must  in  those  ancient  times,  have  presented  as 
numerous  and  diversified  a  display  of  fems,  many  of  most  luxuriant 
growth,  as  the  wilds  of  Southern  Africa,  now  do  of  heaths.  Some  of 
the  specimens  are  perfectly  pliant  and  combustible.  There  are  also 
many  varieties  of  the  tree  ferns,  which  constitute  such  numerous  and 
splendid  ornaments  of  tropical  forests. — Br,  Peter  Murray — JametonCt 
Jtmrnai,  Sepiemher^  IS28. 
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best  distinction.  No  important  minerals  appear  to 
have  been  procured  from  this  stratum ;  nor  are 
organic  remains  usually  found  in  it.  The  old  red 
sandstone  frequently  forms  mountains  between  2 
and  3  thousand  feet  above  the  level  of  the  sea  j  in 
height  yielding  therefore  only  to  the  primitive  and 
transition  chains  of  this  island,  on  the  sides  of  which 
rocks  indeed  it  reclines.  On  the  borders  of  the 
forest  of  Dean,  this  formation  exceeds  2000  feet  in 
thickness,  and  is  interposed  between  the  transition 
and  carbdniferous  limestone. 

§  III.  CARBONIFEROUS  OB  MOUNTAIN  LIMESTONE. 

This  limestone  is  so  named  from  the  elevations 
which  it  attains  ;  it  is  called  metalHferous  also ;  and 
encrinal  or  entrochal  from  its  organic  remains.  The 
title  of  first  floetz  limestone,  given  it  by  the  Werner- 
ians,  which  signifies  horizontal,  is  very  inapplicable, 
since  its  strata  are  highly  inclined,  following  the 
concave  contour  of  the  old  red  sandstone,  though 
not  quite  so  steep. 

The  texture  of  carboniferous  limestone  is  usually 
imperfectly  crystalline,  and  sufficiently  close  grained, 
and  hard  to  afibrd  marbles  susceptible  of  a  durable 
polish.  Its  prevailing  colour  is  gray;  but  it  has 
other  shades, — ^yellow,  blue,  and  sometimes  black. 
Some  of  its  beds  are  so  pure  as  to  contain  90  per 
cent,  of  carbonate  of  lime  ;  but  by  foreign  admix- 
ture, it  passes  into  magnesian  limestone,  ferruginous 
limestone,  bituminous  limestone,  and  fetid  lime- 
stone. Its  beds  are  commonly  very  tliick,  extending 
in  a  continuous  series  many  hundred  feet  ift  de^^, 
with  their  interstitial  seams  of  day.    OccasiSfna^'^ 
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jl    cxtiiliilK  alternations  -  of  various  heterogeneous 

I'ockH,  |i.'irti('ulurly  toatlatonc,  grit  and  shale.  It  is 
II  Icadtii;;  d'adii'i!  of  this  limestone  to  be  full  of 
nivcrris  and  fissiiri'!i.  All  tlic  considerable  caverns 
ill  lliin  iNJaiitl  oiTiir  in  this  rock.  Hivers  flowing 
iicrosN  ilN  niDgir  arc  ofU-n  suddenly  ongutplicd,  and 
|iiirNm>  to  it  coiisidcriihlL'  distance  a  subterranean 
roursc  ;  anil  llii'  IiIHk  composed  of  it,  exhibit  often 
locKv  dales  and  nuind  precipices.  Much  of  the 
most  ptelutvs(|iie  and  romantic  scenery  of  Kngland 
in  fiiiincd  liy  I'inltonilerous  liniostonc. 

Il  is  ihcirreal  repository  of  tlie  Kiiglisli  leadoresj 
.IS  ihose  ol'  Northnndierland,  Durham,  York,  Der- 
hvsliire.  :iiul  Somersetshire.  Tlie  fiillowin:;  metallic 
minerals  have  been  found  in  it  ;  ores  of  antimoni- 
;ited  lead,  eopjier,  /ine,  aiivliron. 


r 
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particularly  encrinites  and  corailites  exist  in  the 
greatest  profusion.  Some  vertebrse  of  fish,  sharks' 
teeth,  many  singular  palatal  tritores,  and  the  radius 
of  a  baUstes,  exhibit  this  formation  as  the  lowest 
-sepulchre  of  vertebral  animals. 

Of  the  crustaceous  tribe,  trilobites  occur  in  this 
formation,  as  in  the  transition  limestone  ;  but  the 
species  seem  to  be  distinct.  Among  the  univalve^ 
we  may  enumerate  the  following  genera  : — 

Amnoiutet,  nautilitea,  orthoceratiteB,  euoDiphaliu,  dmu,  nerita, 
liettz,  turbo;  among  bivalves,  moiliula,  nija,  cardium,  terebratula, 
qnrifef,pn>ducti,arew  echini.  See  Plate  I;  Euid  among  encrinitcs.poiterio- 
oioiteg,  plHtycriniCea,  r^athocrinites,  actinocrinites,  rhedocrlnites.  All 
die  apedcs  of  enerinitea  here  are  dudnguished  trom  tbose  occurrii^  in 
the  liu  and  more  receot  beds,  by  the  thinneaa  o(  the  ouiculm  fbrodug  the 
cup  which  CI 


Encrrnal  Limestone  or  MarUe. 

From  the  profusion  of  tliese  species  tliia  lime- 
stone has  been  often  called  encrinal.  The  coralloid 
remains  are  caryophyllea,  turbinolia,  astrea,  iavo- 
utes,  tubiporus,  retepora. 

I^ig  limestone  formation  rises  vn  Yn^axv^L  \» 
upwards  oflOOO  feet  above  the  sea  \cve\  •,  niVwvw; 
Q 
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•its  tide  of  Mountain  limestone.  It  is  generally 
surmounted,  however,  by  the  margins  of  the  super- 
jacent mill-stone  grit.  Its  thickness  frequently 
amounts  to  more  than  900  feet.  The  strata,  like 
those  of  the  superjacent  grit  and  coal  measures,  are 
often  highly  inclined ;  this  happens  especially  in 
the  south-western  counties;  where  they  sometimes 
become  quite  perpendicular. 

This  formation  is  subject  to  extensive  disloca- 
tions or  faults.  For  instance,  at  the  foot  of  Ingle- 
borough  is  a  subsided  mass  of  coal-measures,  at 
the  base  of  the  whole  limestone  series  ;  a  disloca- 
tion, therefore,  seems  to  have  taken  place  equal  to 
the  thickness  of  the  collective  mass.  Mr.  Farey 
describes  the  western  edge  of  the  Derbyshire  lime- 
stone tract,  as  abutting  against  a  similar  Jault, 
which  must  exceed  900  feet. 

§  IV.  MILL-STONE  GRIT  AND  SHALE. 

The  coal-seams  usually  rest  on  a  series  of  beds 
w^iich  are  called  mill-stone  grit  and  shale.     The 
former  is  merely  a  coarse  grained  sandstone,  con- 
sisting of  particles  or  fragments  of  quartz  agglu- 
tinated by  an  argillaceous  cement.     The  distinctive 
mark  of  this  species  of  coal  sandstone  is  its  great 
induration.     It  is  evidently  a  rock  mechanically 
formed  from  the  detritus  of  pre-existent  masses. 
Rounded  particles  of  felspar  are  occasionally  seen 
in  it.     This  grit  alternates  with  shale,  especially 
in  its  under  part.     Occasional  beds  of  both  lime- 
stone  and  coal  are  also  found  here.     The  coal-seams 
are  few,  thin,  and  of  bad  c\ua\\\.y-    'Y\\vi\\m^^Vow^ 
resembles  the  mountain  formaUow. 
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■  The  locality  of  satin'  spar  seems  to  belong  to  the 
riiales  of  this  series.  Bitumen  has  also  been  found 
in  the  same  ;  as  well  as  petroleum,  mineral  caout- 
CJIOUC,  and  asphaltum.  Vegetable  impressions' 
Btmlf^ous  to  those  of  the  coal  strata  are  observed 
in  this  series ;  and  in  its  limestone  beds,  a  few  marine 
Hfaells. similar  to  those  in  the  subjacent  limestone. 
The  mountains  formed  by  the  upper  edges  of  this 
itratum,  rise  to  2  or  3  thousand  feet  above  the  level 
of  the  sea  ;  and  the  tliickness  of  the  beds  some- 
times exceeds  120  fathoms.  Their  inclination,  con- 
ftmns  to  that  of  the  coal-measures,  and  the  faults 
are  common  to  both. 

5  V.  COAL  MEASURES. 

Hiese  consist  of  beds  of  coal,  slate-clay  or  shale, 
and  sandstone  alternating  with  one  another  in  dif- 
ferent ways,  and  repetitions.  Those  of  coal  although 
characteristic  of  the  formation  suite,  are  however 
the  least  numerous  ;  and  sometimes  they  are  wanU 
ing  entirely  over  a  considerable  space.  The  sand- 
stones form  most  commonly  the  principal  mass  of 
the  series  -,  but  occasionally  the  slate-clays,  or  rocks 
participating  of  both  the  clay  and  sandstone  tex- 
ture, predommate. 

The  order  of  superposition  among  these  several 
beds,  is  not  very  imiform.  It  is,  however,  observed 
in  many  mines,  that  the  seams  of  coal,  are  usually 
included  between  layers  of  shale  j  that  further  from 
the  coat  the  grain  of  the  shale  becomes  coarse,  and 
passes  into  sandstone.  It  is  found  that  sandstone 
fonns  more  frequently  the  floor,  if  honzoiAsiit  ol 
aw/  strata,  and  that  shale  constitut£6  Oxen  tw 
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Inmiediatelj  abov«  tiie  cosl  tlus  shale  xdof .is  blick» 
mixed  with  carbon^  aitd  replete  witfa'vegetahkE: 
impressions ;  but  on  receding  from  the  coal,  Ifas. 
carbonaceous  inatter  and  the  impressions  dinunidi»' , 
the  grain  enlarges,  and  sandstone  results^  bi; ' 
coal  mines  generally  the  layers  of  coal  and  thooi^ 
of  rode  are  repeated  several  times  in  the  same  order»: 
and  in  nearly  similar  thickness,  presenting  a  ytealf 
remarkable  alternation.  Tlie  number  of  stfatfe  oE 
cdal  which  occ^  above  'each  other,  in  the  silme 
series^  is  often  very  considerable*  At  Amdn  near 
Valenciennes,  a  pit  less  than  100  yards  deep  passea 
through  50  layers  small  and  great }  at  Li^e,  63. 
have  been  ascertained;  the  single  mountain  of 
Duttweiler  near  Saarbruck  includes  32  ;  at  New- 
castle, the  Killingworth  pit  within  230  yards,  tra- 
verses 25.  The  strata  of  sandstone  and  shale  are 
considerably  more  numerous  than  the  coal-seams. 
The  slate-clay  is  known  in  different  collieries  by 
difierent  names  ;  black  or  blue  metal,  slate,  clunch^ 
cleft,  bind,  &c.  The  sandstones  of  the  coal  mea- 
sures are  usually  gritty,  micaceous,  and  tender} 
affording  freestones  for  buildings,  whetstones,  grinds 
stones,  and  flag-stones  for  pavements,  even  roofing 
slates  ;.  and  they  have  various  local  names,  as  plate^ 
post,  pennant. 

Clay  iron-stone,  in  beds  or  courses  of  nodules, 
is  common  in  the  coal  fields,  yielding  on  an  average 
about  30  per  cent  of  metal.  Indispensable  as  this  is 
to  all  the  arts  which  bring  comfort  to  man,  with  what 
providential  kindness  is  its  ore  here  associated  with 
its  flux  and  foel,*— the  Umestone  and  the  coal,  whose 
mfrxned  action  alone  can  mske  Vt  u^e&W   ^^\. 
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justfy,  tJierefore,  does  Mr.  Conybeare  say,  *'that 
it  can  hardly  be  considered  as  recuning  uniiece»i 
wily  to  final  causes,  if  we  conceive  that  this  dis- 
tribution <}£  the  rude  materials  of  the  earth,  was 
detennined  with  a  view  to  die  convenience  of  its 
inhabitants." 

SECTION  OF  A  COAL  BASIN. 


1,  1,  Olil  reJ  sandatone.  3,  MouDtain  Umeslonc.  3,  MUlatone  grit. 
4,  4,  Coal  seama.  5,  Pennant  or  coarse  sandBtoae.  6,  New  red  aand- 
none,  or  red  mart.  7,  7,  Lias.  8, 8,  Inf^ior  oolite.  9,  Grett  oolite^ 
10,  Combrath  and  foreat  marble. — Coal-fitld  touth  of  Malnubury. 

We  shall  conclude  our  account  of  the  coal-mea- 
sures with  an  example  of  the  superposition  of  their 
strata.    See  foot  note.* 

*  The  following  ia  a  table  of  the  different  beds  bored  through  at 
Brwlley  colUerj  near  Bilston  in  South  StafTordshire,  beginning  with  the 
lowert,  and  termioating  with  the  sur&ce  bed. 


1.  Cod,      .        . 

Heatbingcoal 

2.   81ate-cla7,       . 

Clunch, 

3.  Shale.     .        . 

Table  batt, 

4^  Coal,       .        . 

Coal.       . 

5.  Shale,     .        . 

Hanibatl, 

Ironstone, 

7.  Slate-clay, 

White  cla; 

6.  Slate-day, 

Blue  day, 

9.  Claj,        . 

Short  euth. 

10.  Coal,        . 

Main  coal, 

//.  Shale.      . 

Black  bMt, 
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The  indination  of  the  strata  which  the  basm  Aape 
bestows  on  the  coal  measures,  is  an  arrangement  most 
beneficial  to  man.  Thus  the  successive  seaqis  riie 
on, its  edges  to  the  sur&ce  or  near  it;  and  therdiy 
disclose  the  miner^  treasures  concealed  beneath, 
which  would  otherwise  have  rested  invisible  and 
unknown.  B7  the  sloping  position,  many  of  the 
beds  are  not  only  brought  within  the  reach  of  the 
miner,  but  the  whole  become  more  easily  worked  and 
drained.  There  is  one  device,  however,  in  the  coal 
measures,  which,  to  a  superficial  thinker  'will  appear 
a  defect  in  the  fabric,  though  it  be  essential  to  their 
usefulness  ;  I  allude  to  the  dislocations  of  the  strata, 
usually  called  faults,  (see  page  159>)  because  they 
seem  defects,  or,  at  least,  put  the  miner  to  fault  in  his 
search  after  the  coal.  These  intersections,  whether 
by  slips  or  whindykes,  act  as  valves  to  the  porous 


Otologlcsl  Naae. 

LooU  Name 

ThickncMln 

12.  Clay-iron-stone 

,       Iron  stone. 

.        .         Of 

13.  Slate-day, 

Blue  binds, 

5 

14.  Shale,    ,. 

Batt, 

4 

15.  Coal,       . 

Flying  reed,     . 

5 

16.  Shale,     . 

Batt, 

4 

17.  Slate-clay, 

•        Blue  clunch. 

9 

18.  Slate  clay. 

c  Ditto,  containing  ^ 
(     iron-stone  beds. 

t  thin  J   j2 

•f ' 

19.  Sandstone, 

Grey  rock. 

1 

20.  Slate-clay, 

Clunch, 

.         li 

21.  Sandstone, 

Pddon, 

2 

22.  Sandstone, 

Orey  rock, 

3 

23.  Slate-day, 

Blue  clunch,    . 

.       18 

24.  Sandstone, 

Grey  rock, 

3 

25.  Slate-clay, 

Blue  clunch,    . 

.       24 

26.  Red  sand. 

Sand, 

.       30 

27.  SoU,       .        . 

SoU, 

2 

■ 

\ 
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seams,  or  as  floodgates  to  arrest  the  difliision  of  the 
.  subterranean  springs.  By  these  natural  dams,  the 
water  which  might  inundate  the  whole,  or,  at  least, 
entirely  submerge  the  richest  deposits  of  the  centre, 
is  confined  to  a  single  compartment,  from  which.it 
18  in  most  cases  practicable  to  drain  it. 

The  eruptive  forces,  moreover,  in  creating- these 
mounds  to  the  waters,  have,  at  the  same  time,  up- 
heaved many  strata,  which,  had  they,  been  left  to 
follow  their  natural  slope,  would  have  been  sunk  to 
inaccessible  depths.  A  coal  formation  is  thus 
parcelled  out  into  cubical  fields,  each  of  which  is 
complete  in  itself,  and  to  a  certain  degree  inde- 
pendent. But  for  these  slips,  the  rains  which  fall 
profusely  on  the  lofty  basset-edges  or  out-crops  of 
the  strata,  would  percolate  down  through  them, 
and  convert  the  basin  'into  a  subterranean  lake, 
which  no  human  power  could  possibly  drain.  Si- 
milar eruptive  intersections  exist  in  many  other 
strata,  and  they  every  where  act  as  cisterns,  or 
.even  sometimes  as  pumps,  raising  in  syphon  chan- 
nels a  copious  supply  of  spring  water  to  the  surface. 
These  safeguards  of  mines  are,  therefore,  not  con- 
-fined  to  coal  basins,  but 'are  providentially  distri- 
buted through  every  important  mineral  bed. 

In  contemplating  the  effects  of  any  mighty  con- 
vulsion on  his  terrestrial  abode,  man  is  apt  to  feel 
appalled,  and  to  regard  the  operation  as  altogether 
irregular,  fortuitous,  and  uncontrolled,  because  its 
magnitude  and  complexity  mock  his  pigmy  concep- 
tions of  power.  Yet  no  one  will  doubt  that  the 
primordial  erection  of  the  great  mountain  ^tc^^^^xv^ 
table  lands  was  the  result  of  wise  de«\gT\,  \£  \v^  ^\» 
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their  conformation,  and  reflect  that  this  earth  could 
not  otherwise  have  become  the  abode  of  animation. 
Nor  can  we  meditate  upon  the  manifold  advantages 
dei"ived  from  the  upheavings  of  tlie  secondary  strata 
without  seeing  in  them  also,  traces  of  Him  "  who 
is  wonderful  in  connsel,  and  excellent  in  working." 
The  naturalist  always  contemplates  the  members 
of  an  animal,  in  reference  to  its  way  of  life  ;  and 
can  deduce  from  even  a  few  bones,  many  of  the 
functions  which  it  performs  in  this  scene  of  being. 
For  every  part  he  finds  a  special  puqiose,  nor  does 
he  ever  dream  that  the  sliijhtcst  bump  or  curvature 
<^a  bone  is  made  in  vain.  He  seeks  the  conditions 
oCits  existence  in  the  catenation  of  its  frame.  Why 
then  is  tbe  philosopher  to  suppose  that  the  frame- 
work of  the  earth  itself,  should  not  also  have  its 
conditioqs  of  existence  as  definite  as  those  of  aa 
inconsiderable  bird  or  insect,  nay,  inccunparably 
more  refined  end  complex,  since  it  must  be  in  har- 
monious relation  not  only  with  every  order  of  or- 
-ganicexistencetbutwith  the  ocean  j  the  atmosphere; 
Jieat ;  light ;  and  the  solar  system  itself?  It  well 
becomes  us,  then,  in  surveying  the  various  cham- 
bers of  the  terrestrial  edifice,  if  some  few  apart- 
ments should  appear  in  our  eyes  rudely  fashioned, 
or  in  disorder,  to  abstain  from  all  presumptuous  judg- 
ments, humbly  to  confess  our  ignorance,  to  investi- 
gate with  dihgence  and  docility,  trusting  eventually 
.to  rect^nise  beauty  and  wisdom,  in  what  seemed  at 
■first  sight,  deformity  and  confusion.  Final  causes 
which  the  zoolc^st  must  consult  at  every  step, 
ouarbt  not  then  to  be  neg\ecte4  \j^  >i\fe  ^eoX^s^v 
rtunsteiy  they  have  been  ao  «S«»  *»^»fc^^^ 
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misinterpreted  by  ignorant,  though  perhaps  well- 
meaning  speculators,  that  the  man  of  science  has  be- 
come chary  of  their  employment^  and  pusillanimous 
in  their  vindication.  But  final  causes,  under  induc- 
tive restraint,  will  ever  form  the  noblest  and  most 
delightful  species  of  knowledge,  comprehending  in 
its  sphere,  the  correlation  of  the  most  general  phy- 
sical and  moral  truths. 

CHAP.  IV— SUPERMEDIAL  STRATA. 

The  appearances  of  the  great  coal  strata,  lead  us 
to  believe  them  formed  by  alternate  earthy  and 
vegetable  deposits,  in  some  immense  lakes  or  estu- 
aries of  the  antediluvian  earth.  The  progress  of 
our  inquiries,  proves  the  globe  in  those  times  to  have 
X  been  the  frequent  subject  of  mighty  convulsions, 
which  have  disturbed  the  strata  over  an  extent  pro- 
digiously greater  than  the  explosions  of  modern 
earthquakes  and  volcanoes  could  give  us  reason  to 
conceive.  It  is  certain  that  the  sea  must  have  par- 
ticipated in  the  violence  under  which  the  solid  earth 
has  evidently  suffered.  Irruptions  of  the  waters 
over  the  land,  would  unquestionably  occur  at  every 
new  crisis  of  the  eruptive  power  so  conspicuous 
in  the  coal-measures  and  basaltic  formations. 

Thus  we  can  understand  how  the  surface  of  the 
coal  basins  came  to  be  covered  in  several  places  with 
a  series  of  sandstones,  or  of  limestone-strata,  replete 
with  marine  shells. 

During  all  this  period  also,  a  series  of  deposits 
was  forming  under  the  sea,  in  a  detenuixvate  otAet  oS. 
superposition  on  its  channel.    Tlaeae  d^fi^^powSa 
characterised  by  peculiax  orders  of  org^aucxeiw 
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It  i»  known  to  the  natunHst,  that  shdlfiah  'live  in 
agonies ;  each  odony  preferring  a  peculiar  groimd 
ot  locali^ ;  and  that  in  general,  quartzose  sands  ne 
dnmned  by  them,  as  unfaTourable  to  their  produo* 
tion.  Hence  many  districts  of  our  ocean-flon'  an 
destitute  of  shells,  whilst  others  are  covered  with  m 
vast  ciHigeries-of  them.  It  is  ascertained,  that  if 
fowls  be  deprived  of  access  to  calcareous  matter, 
they  lay  eggs  unprovided  \s'ith  shells,  and  eventually 
lose  the  fbculty  of  laying  them  altt^^her.  In  lilK 
manner,  it  would  seem  that  there  are  districts  of  Ute 
sea  so  deficient  in-  calcareous  matter,  that  molusfai 
cannot  there  elaborate  their  calcareous  mansions, 
and  consequently  shellfish  cannot  exist.  These 
suggestions  will  serve  to  explain  many  peculiarities 
observable  among  the  sccondarj"  formations. 

0\'er  tlic  extensive  regions 
where  the  coal-measures  them- 
selves are  absent,  the  old  red- 
sandstone,  or  the  mountain 
limestone,  constitutes,  genenJ- 
ly  speaking,  the  stratum  that 
represents  the  place  of  coal  in 
the  geological  series,  or  plane 
of  superposition.  On  this  prin- 
ciple, it  is  said  that  the  second- 
ary rocks  are  superior  to  the 
coal  formation,  tliough  no  coal  ' 
should  really  lie  immediately 
below  them. 

Order  of  Svperpositiim  of  EngliA 
Strata,  accordine/  to  Messrs.  Conybtart 
and  Phillips.     See  Fig.  on  margin. 

1.  Magnmtan  \\n\w\m\e  wvi  wA 
marl— 2.  l.iai.— S.  \n(w\oi  oo\v*--*. 
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Great  oolite_5.  Cornbrash  and  Forest  maible. — 6.  Oxford  or 
Clanch  clay. — 7.    Coral  r^. — 8.  Kimmeridge  clay  ;  Oak-tree  of 
Smith. — 9.  Portland  limestone. — 10.  Iron  or  Hasting's  sand. — 
11.  Blue  marl. — 12.  Chalk  marl  with  green  sand. — 13.  Lower  and^ 
upper  chalks. — 14.  Plastic  clay  and  sand. — 15.  London  clay. 

The  supermedial  class  of  rocks  as  exhibited  in 
England  has  been  divided  into  four  groups  of 
strata. 

I.  Formations  between  the  coal  strata,  and  lias,  including, 

1.  Magnesian  limestone,  corresponding  in  position  to  the 
zechstein,  the  copper-pyritous  slate,  and  rauchwacke  of 
Germany ;  and  to  much  of  the  Alpine  limestone.  It  is 
the  first  floetz  limestone  of  Werner.  Between  this  series 
and  the  coal,  there  is  ohserved  in  Germany,  a  great 
deposit  of  red-sandstone  and  conglomerates,  called  the 
red  dead-layer  (rothe  todte  liegendejy  because  destitute 
of  the  metals-  found  in  the  beds  above  it.  This  is  the 
older  or  first  flcetz  sandstone  of  Werner.  Much  of  the 
sandstone  of  Southern  Africa  belongs  to  this  formation. 

2.  New  red-sandstone,  or  red  marl,  corresponding  to  the 
variegated  sandstone  of  Germany.  Rock  salt  and  gyp- 
sum occupy  this  locality. 

I.  MAGNESIAN  LIMESTONE. 

1 .  This  magnesian  limestone  is  called  the  newer, 
to  distinguish  it  from  the  same  mineral  associated 
with  the  carboniferous  limestone.  The  two  differ 
in  their  organic  remains,  and  in  this  upper  one  con- 
taining extensive  beds  of  calcareous  conglomerate. 
The  magnesian  limestone  has  a  granular  sandy 
structure,  a  glimmering  lustre,  and  a  cream-yellow 
colour.  It  often  forms  large  concretional  and 
botryoidal  masses  ;  as  large  as  a  cannon  ball,  which 
are  grouped  together  like  chain-shot.  It  is  used 
for  building,  and  has  a  pleasing  \mt,  "^Xv^xv  Q."iii- 
cined,  it  forms  a  mortar  lime,     lu  agdcvjXXxvt^SX.^^ 


•*^. 
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mjuriousy  uiUew  spaxmf^y  luecL*  It  is  poor  m 
organic  remains.  The  principal  range  of  hilk  of 
this  rock  in  England,  extends  from  Sunderland  to 
Nottingham.  They  never  rise  more  than  600  feet 
above  the  sea ;  are  xound-topped,  and  overlie  die 
coal  at  Cullercoats  in  Northumberland.  A  whiiv- 
dyke  which  here  traverses  the  coal,  does  not  enter 
into  the  magnesian  limestone ;  wherefore  the  latter 
deposit  is  judged  to  be  of  more  recent  £bnnati(m. 
At  "Hart,  near  Hartlepoc^  it  was  bored  to  the  depth  * 
:  of  3i  fathoms,  widiout  getting  through  it  On 
the  east  of  the  coal-field  in  Derbyshire,  it  is  about 
50  fathoms  tliick.  The  inclination  of  its  beds  is 
generaUy  trifling,  being  conformable  to  that  of  the 
upper  strata,  except  where  it  is  placed  over  goal, 
whose  slope  it  follows.  The  stratification  of  this 
rock  is  exceedingly  distinct,  and  the  separate  layers 
of  stone  seldom  exceed  tlie  thickness  of  a  common 
brick.  Its  character  as  a  soil  is  very  indifierent ; 
and  its  springs  are  not  abundant. 

To  the  geological  era  or  locality  of  superposi- 
tion of  the.  magnesian  or  old  alpine  limestone,, 
belong  the  pyritous  schists  of  many  districts  of 
Germany,  which  contain  fossil  remains  of  the 
saurian  or  lizard  fiunily,  called  monitors.  Through- 
out the  countries  of  Thuringia  and  Voigtlaod 
alining  to  Hessia,  as  far  as  Franconia  and 
Bavaria,  beds  of  marly  and  bituminous  sdhist 
extend,  which  Werner  r^ards  as  the  lowest  of 
the  first  floetz  sandstone.  Being  be^rinkled  with 
y'  grains  of  aigentiferous  copper  pyrites,  the  ore  is 
K' .  jiuied  jn  several  places  for  the  two  metals,  although 
Af  is  viery  poor,  yielding  scaice\y  two  per  cent,  c^ 
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copper.  Humboldt  says  that  a  similar  stratum  is 
found  in  several  parts  of  America.  The  German 
miners  call  it,  naturally  enough,  the  dead  bed, 
because  it  affords  no  proper  veins  of  copper.  Above 
this  cupriferous  schist,  lie  the  calcareous  strata, 
known  in  that  country  by  the  name  of  zechstein, 
and  comprehended  by  the  French  under  the  class 
of  older  alpine  limestone  ;  they  contain  shells  and 
zoophytes,  of  the  earlier  kinds,  such  as  entrochi, 
anomiae,  &c.  The  gypsum,  with  its  subordinate 
sal  genij  rests  over  these  limestone  beds,  and  is  sur- 
mounted in  its  turn,  by  sandstone  covered  with  a 
second  gypseous  formation  unaccompanied  with 
salt.  Over  this  gypsum,  another  limestone,  of 
more  modern  date  reposes,  analogous  to  the  Jura^ 
In  its  calcareous  beds,  are  those  great  caverns, 
which  were  found  filled  at  their  first  discovery, 
with,  bones  of  bears  and  other  camivora,  to  be 
afterwards  described. 

Thus  we  perceive  that  these  strata  of  bituminous 
schist  are  among  the  most  ancient  of  any  which 
contain  the  exuvia?  of  organized  bodies  not  testa- 
ceous. From  among  their  tabular  slabs,  the  vast 
multitudes  of  fossil  fish  were  extracted,  which 
have  rendered  the  cantons  of  Mansfeldt,  Eisleben, 
Umenau,  and  other  places  in  Thuringia  and  Yoigt- 
land,  so  celebrated  among  those  who  collect  and 
describe  petrifactions. 

Many  of  the  fish  are  pyritified,  in  consequence  of 
which,  they  are  subject  to  rapid  decomposition  on 
exposure  to  the  air ;  and  have  thus  been  destroyed. 
They  belong  to  species  unknown  in  tVv^  \mw^  'sXaXfc 
Mmong  ichthyologists. 
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Hie  first  account  of  the  stone-casts  of  the  reptiki 
found  in  these  strata  was  published  by  Spctaer  in 
the  MiscelUmea  BetoHnensia^  so  far  back  as  VJIO. 
His  specimen  was  found  in  the  mines  of  Kupfer- 
suhl,  d  leagues  from  Eisenach,  100  feet  beneath  tha 
surface.  The  bones  were  in  some  degree  metallised* 
like  the  most  part  of  the  fish  of  the  same  strtia. 
The  second  published  impression,  likewise  an- 
nounced to  be  a  crocodile,  was  the  subject  of  a 
letter  from  Henry  Link  to  the  English  geologist* 
Woodward,  in  1718.  It  is  from  the  same  place, 
and  in  the  same  kind  of  stone  as  the  preceding.  The 
third-  is  engraved  in  tlie  treatise  de  Cupro  of  the 
famous  Emanuel  Swedenborg.  It  came  from  the 
mines  of  Gliicksbrunn  near  Altenstein,  where  it  was 
found  in  1733.  The  fourth  was  extracted  in  1793 
from  the  mines  of  Rothenbourg  near  the  Saale  in 
the  territory  of  Halle,  264  feet  under  ground.  It 
is  at  present  in  the  Royal  Cabinet  of  Berlin.  These 
four  specimens,  found  in  beds  of  the  same  nature, 
present  certainly  animals  also  of  the  same  species, 
as  is  obvious  from  the  similarity  of  form  and  size  of 
all  the  common  parts,  and  especially  of  the  spine, 
the  tail,  and  a  portion  of  the  limbs.  These  may 
therefore  be  all  employed  to  reconstruct  a  complete 
individual,  by  attaching  to  the  common  trunk,  the 
parts  insulated  in  each  specimen. 

The  form, of  its  head,  its  teeth  wholly  sharp,  and 
themagnitudeof  the  vertebrseof  its  tail,  are  alone  suf- 
ficient to  show  that  it  was  an  oviparous  quadruped  ; 
t  recurring  to  its  posterior  limbs,  which  still 
strongly  confirm  this  decision.     The  head  has 
biance  to  that  of  a  ctoco^e  \  >awx  \\& 
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very  short  muzzle,  makes  it  more  different  from  a 
gavial,  than  from  any  other  species  of  lizard  rep- 
tile. Even  the  head  engraved  by  Spener,  indicates 
of  itself  the  genus  of  the  animal.  Had  it  been  a 
crocodile,  it  would  have  had  at  least  15  teeth  on 
each  side  in  its  lower  jaw,  and  17  or  18  in  the 
upper,  which  would  have  extended  to  beneath  the 
middle  of  its  orbits.  It  has,  however,  only  11, 
which  go  back  no  further  than  under  the  anterior 
angle  of  the  orbit.  This  is  the  character  of  one  of 
those  numerous  species  which  have  been  crowded 
together  by  Linnaeus  under  the  name  of  Lacerta 
Monitor.  This  first  feature,  once  recognised,  is 
confirmed  by  all  the  rest. 

.  Spener  conjectures  that  the  length  of  his  animal 
must  have  approached  to  three  feet ;  those  of  Swed- 
enborg  and  Link  had  nearly  the  same  size,  which 
agrees  with  what  the  monitors  of  the  most  ordinary 
species  usually  attain  ;  such  as  the  land  and  river 
monitors  of  Egypt,  that  of  Congo  described  by 
Dandin,  those  of  the  East  Indies,  &c. 

§  II,  RED  MARL. 

2.  Red  marly  or  new  red  sandstone^  called  occa- 
sionally Red  rock  ot  red  ground.  It  stretches  with 
^  little  interruption  from  the  northern  bank  of  the 
Tees  in  Durham,  to  the  southern  coast  of  Devon- 
shire, covering  a  great  extent  of  country.  It 
appears  sometimes  as  a  reddish  marl  or  clay,  some- 
times as  a  sandstone,  and  at  others  as  a  conglo- 
merate of  different  rocks,  cemented  by  marl  or  sand. 
It  is  remarkable  for  containing  gypsum  beds^  and 
the  great  rock-salt  formation  of  Eja^^Livdi.     ^o'^i^ 
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stimta  are  seen  to  dip  beneirth  it.  TiMCotaarvmnm 
from  a  chocdate  to  a  salmon  hue.  The  red  nuul 
is  noted  for  its  ifhombic  s  &sures.  No  organic 
remains  whatever  have  yet  been  observed  in  waj  of 
the  rocks  belonging  to  this  formiation. 

The  red  marl  and  its  associated  magnesian  lime* 
stone,  foim  the  lowest  of  the  nearly  horizontal 
strata  which  occupy  the  southern  and  eastern  coap^ 
ties  of  England ;  the  strata  on  which  these  reposi; 
are  unconformably  placed  with  regard  to  thensy  and 
rise  from  beneath  them  often  at  very  consid^erafaid 
angles,  into  lofty  mountains,  skirted  by  the  red' 
marl,  which  occupies  the  extended  planes  at  their 
base. 

/The  agitation  of  the  waters  would  tlius  seem  to 
have  washed  tliat  pulverulent  deposit  down  from 
the  sides  of  the  elevated  rocks  of  carboniferous 
limestone,  old  red  sandstone,  transition  slate  and 
greenstone,  strewing  it  over  the  hollows. 

Near  the  head  of  the  western  branches  of  the 
Trent,  the  great  central  plain  of  the  red  mari 
unites  with  that  which  occupies  almost  the  whole 
of  Cheshire,  the  southern  part  of  Lancasliire,  and 
the  northern  part  of  Shropshire ;  watered  by  the 
Dee,  the  Weaver,  and  the  Mersey.  The  valleys 
of  these  rivers  are  covered  by  the  red  marl  forma- 
tion, and  the  central  valley  that  of  the  Weaver, 
affords  throughout  its  course  abundance  of  saline 
springs,  containing  above  25  per  cent,  of  salt. 
Gypsum  is  also  abundant.  At  Northwich  in  this 
vale,  an  extensive  deposit  of  rock-salt  has  been 
found,  consisting  of  two  beds,  together  about  60 
/eet  thick.     These  are  supposed  to  \)^  Vax^e  vw^^vi- 
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Uted  masses  of  salt  about  a  mile  and  a  half  long, 
and  1300  yards  broad.  There  are  other  deposits 
of'  this  saline  mineral  in  the  same  valleys,  but  of 
inferior  importance.  A  section  of  the  workings  at 
Northwich  is  given  below.  • 

The  salt  works  of  Droitwich  in  Worcestershire 
are  situated  in  tlie  south-west  portion  of  this  great 
marly  plain. 

F(M.  tnchn. 

*  1.  Calcareotu  marl  on  surface, 
S,  Indurated  red  day, 
3.  lodorated  blue  clay  with  send,  . 
4-  Arpllaceous  marl, 
5.  Indurated  blue  clay, 
ft.  Red  clay  vnth  sulphate  of  lime  irregularly  intersecting  it,  4    ,  0 
7.  Indurated  brown  clny  with  graioa  of  aulphate  of  lime 

interspersed,  -  .  .  -  i      0 

fi.  Indurated  brown  clny  with  sulphate  of  lime,  eryfltalliaed 

ia  irregular  niasacs,  and  in  large  proporUon,      ■  12       0 

9.  Indurated  blue  tlay,  laminated  with  sulphate  of  lime,       4       6 

10.  Argitlaceons  marl,  .  4      0 

1 1.  Indurated  brown  clay  laminated  with  sulphate  of  lime,  3  0 
18.  Indurated  blue  clay  with  lamina:  of  sulphate  of  lime,  3  0. 
13.  Indurated  red  and  blue  clay,  IS  0 
14-  Indurated  brown  clay,  with  sand  and  sulphate  of  lime, 

irrc^larly  interspersed  through  it,     .  •  13  0 

The  fresh  water  finds  its  way  through  holes  in  this 

stratum  at  the  fate  of  3C0  gallons  per  minute-     It 

has  its  level  16  yards  from  the  surface- 

I&  Argillaceous  marl,  .         ,  ■  5  0 

10.  Indurated  blue  clay  with  sand,  and  grains  of  sulphate  of  lime,  3  9 

17-  Indurated  brown  clay  with  a  little  sulphate  of  lime,         15  0 

18.  Indurated  blue  clay  with  grains  of  sulphate  of  lime,  1  6 

19-  Indurated  brown  clay  with  sulphate  of  lime,       ■  . ''  " 

20.  The  first  bed  of  rock  salt,         .  75  0 

SI.  Layers  of  indurated  clay  with  veins  of  rock  salt  ranning 

through  them,  .  ■  31  6 

226  9 
SS.  The  second  bed  of  rock  salt  which  has  been  sunk  into 

fivrni  105  to'  ie§  feet,  .  .  \^  0 

Tota/ depth  of  wcwkings,  ^^      " 
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The  districts,  occupied  by  the  red  marl  fonnatioii' 
are  in  general  destitute  of  any  eminences  exceeding  ' 
400  or  500  feet  Its  thickness  appe^  to  be  veiy 
variable.  At  Durham,  pits  have  been  sunk  in  it 
fruitlessly  for  coal,  to  the  depth  of  708  feet,  with- 
out passing  through  the  beds  of  this  rock ;  while 
at  Puckle  church  in  Gloucestershire,  shafts  have 
been  sunk  from  the  lias  beds  to  the  coal  measureis^' 
through  this  formation,  with  153  feet  of  boring. 
The  red  marl  between  Darlington  and  Yarm,  about 
10  miles  distant,  a  little  on  the  south  of  east,  near 
its  junction  with  the  magnesian  lime,  is  M  least  120 
fathoms  thick.  The  dip  of  the  beds  of  tliis  forma- 
tion is  generally  inconsiderable,  and  in  a  direction 
conformable  to  that  of  the  lias,  and  other  superja^ 
cent  strata. 

Some  of  the  richest  land  of  England  lies  in  the 
range  of  red  marl.  It  is  uniformly  fertile  for  wheat, 
barley,  beans,  peas,  and  is  distinguished  for  the 
goodness  of  its  cyder  apples.  Several  experienced 
land  surveyors  have  said  that  the  best  tracts  of 
land  to  be  met  with,  occur  in  this  stratum.  The 
trefoil  springs  up  every  where  ©f  its  own  accord. 
Water  cannot  be  procured  without  sinking  through 
the  marls  into  their  subjacent  sandstone  and  con- 
glomerate beds. 

§  III.  OOLITIC  SERIES. 

This  series  includes  all  the  strata  between  tlie 
red  marl,  and  the  iron  sand.     It  is  the  great  reposi- 
tory of  the  best  architectural  materials  that  Eng- 
land produces;    consisting  of  oolitic  limestones, 
calcareous  sands  and  sandstone^  atgAVsLC^ows  and 
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ar^lo-calcareous  beds,  which  alternate  with  one 
another  generally  in  the  same  order ;  that  is  an 
argillo-calcareous  formation,  is  surmounted  by  a 
calcareo-siliceous  sand,  over  which  lie  many  beds 
of  oolitic  limestone.  Three  of  these  systems  com- 
prehend all  the  beds  between  the  saliferous  or  new 
red  sandstone,  and  the  iron  sand.  Each  of  these 
systems  reposes  on  a  very  thick  argillo-calcareous 
formation,  which  always  constitutes  a  very  distinct 
line  of  demarcation,  and  prevents  the  possibility 
of  mistaking  them  or  confounding  them  together. 
The  oolitic  rocks  of  each  system  generally  form  a 
distinct  range  of  hills,  separated  from  that  of  the 
other  systems,  by  a  wide  argillaceous  valley.  Hence 
we  may  represent  in  a  synoptical  view,  the  whole 
suite,  as  divided  into  the  lower,  middle,  and  upper 
oolitic  systems. 

Great  argillo-calcareouB  for- 
mMion  of  liaa  'end  lias  marl,  the 
hne  of  the  whole  aeries.— Cal- 
careo^iliceoiis  sand,  sustainiDg  and 
[Uvung  into  the  inferior  oolite. 
— Numerous  oolitic  strata  occa- 
sionally subdivided  by  their  argil- 
laceous searan ;  including  the  com- 
biash,  Forest  marble,  schistose 
oolite,  and  sand  of  StonesGeld,  and 
Hinton,  the  great  oolite  and  infe- 

Great  Oxford  clay,  (clnnch 
clay  of  Smith),  which  divides  the 
oolite*  of  this  eyflem  frnm  the 
next. 

CaloareouN  sand  and  f^U 
Oolitic  straxa  »«RocvBSjBA-w\*»'&\fc 
.  Coral  TBg,  (piaoWte  o^  SwivOti^. 


1.  Lower  Oolitie  Syttem. 


2.  MiMe  Oolitic  Syttm. 


196      BOOK  II.-CHAP.  IV.-SUPER1|E~DIAL  STRATA. 


3,  UpptT  OdUie  System. 


Kimmeridge  and  the  Vik  'cf 
Berksy  which  diiddefi  the  ooBtM 
of  this  from  the  next  s^tem,  (Oak- 
tree  of  Smith). 

Calcareous  sand  and  coneretionai 
(Shotover  hill  and  Thame). 

Oolitic  strata  of  Portland,  TJa- 
hury,  and  Aylesbury. 

Argillo-calcareous  Purbeck  atfft- 
ta,  between  the  iron-sand,  and  ooltdc 


senes. 


The  term  formation  is  employed  to  distinguish 
these  tliree  oolitic  systems,  which  are  separated  by 
vast  intervening  argillaceous  deposits.  Tliese  for- 
mation suites,  seem  to  have  resulted  from  the  gra- 
dual and  successive  action  through  a  long  period, 
of  similar  causes  undisturbed  by  any  violent  change 
of  circumstances.  As  tliese  causes  produced  at  one 
time  argillaceous,  at  another  arenaceous,  and  at  a 
third  calcareous  and  oolitic  deposits — alternations 
several  times  repeated — they  prove  the  very  unsta- 
ble equilibrium  of  the  terraqueous  fabric  in  those 
ancient  epochas. 

Each  of  these  beds  is  characterised  by  its  pecuKar 
organic  exuviae,  and  very  often  even  the  minutest 
subdivisions  of  the  strata  may  be  thus  distinguished. 
Remains  occur  of  many  extinct  genera  of  oviparous 
quadrupeds,  more  or  less  akin  to  crocodiles,  and 
monitors,  but  apparently  inhabitants  of  salt  water 
only,  as  also,  various  vertebral  fishes,  testacea?  of 
every  description,  coralloid  zoophytes,  encrinites, 
&c. 
These  formations  occupy  a  zone  in  England,  on 
an  average,  nearly  thirty  tailed  V^io^di,  ^\x^\,q\\«\% 
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across  the  island  from  Yorkshire  on  the  north-east, 
to  Dorsetsliire  on  the  south-west. 

The  extensive  chains  of  the  Jura  mountains, 
between  France  and  Switzerland,  are  principally 
composed  of  lias  or  gryphite  limestone  and  an 
oolitic  series,  in  close  analogy  with  these  formations 
in  our  own  island.  The  principal  varieties  of  the 
oolite  or  Jura  limestone  ;  are,  1.  A  compact  gray 
marble  ;  2.  A  granular  oolite,  the  latter  occurring 
abundantly  in  tlie  Tyrol,  in  the  valley  of  the  Adige 
below  Trent,  and  occasionally  in  the  Salzburg 
mountains.  The  former  prevails  in  Switzerland, 
and  generally  througliout  the  Alps. 

The  lias,  like  all  the  otlier  formations  in  the  Alps, 
is  destitute  of  our  alternating  beds  of  clay,  but  holds 
its  position  between  the  oolite  and  new  red  sand- 
stone. In  the  central  parts  of  Germany,  the  lias 
stretches  from  the  Rauche  Alpe  (a  continuation  of 
the  Jura  chain),  through  Wurtembourg  to  Nurem- 
bourg,  Gotha,  Wurtzbourg,  and  Cobourg,  occupy- 
ing the  greater  part  of  the  lower  country  between 
the  mountains  of  the  Black  Forest  and  Vosges,  and 
the  Bohmer  Wald  and  Thuringer  Wald.  The  tracks 
of  these  fonnations  in  England,  France,  Germany, 
and  Russia,  may  be  regarded  as  parts  of  a  continuous 
series  of  deposits  which  cover  the  great  central  basin 
of  Europe. 


This  formation  consists  of  thick  argillaceous 
deposits,  the  base  on  which  the  whole  oolitic  series 
reposes.  Tlieir  superior  portion,  embtacVw^  V-^ts- 
thirds  of  their  total  depth,  consists  of  Vieds  o^  a.  ^ea^ 
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blue  marL  It  contains  only  a  few  irr^^ular  and 
'  rubbly  limestone  beds*  In  the  lower  partt/the 
limestone  beds  are  more  frequent,  and  assume  the 
peculiar  aspect  of  lias,  namely  a  series  of  thin  stony 
beds  separated  by  narrow  argillaceous  seams,  giving 
the  quarries  6£  this  rock,  a  striped  and  ribband-like 
appearance  at  a  distance.  '  In  the  undermost  beds 
of  this  limestone,  the  argillaceous  partings  often 
become  so  thin  as  almost  to  disappear,  a  circum- 
stance observable  in  the  lias  traet  of  South  Wales. 
Beds  of  blue  marl  with  irregular  calcareous  mas- 
ses, generally  separate  these  strata  from  the  red 
marl  of  the  subjacent  new  red  sandstone  forma- 
tion. The  limestone  beds  towards  their  centre 
when  freest  from  admixture,  contain  fully  90  ^per 
cent  of  carbonate  of  lime ;  the  rest  is  alumina  and 
iron.* 

When  the  limestone  beds  come  in  contact  with 
the  alternating  strata  of  clay,  morc  alumina  gets 
introduced  into  the  mineral.  The  lias  limestone  is 
particularly  characterised  by  its  dull  earthy  aspect, 
and  large  conchoidal  fracture.     Its   colour  varies 

*  Westbuiy  cliff  on  the  west  bank  of  the  Severn^  Gloucestershire, 
illustrates  the  lower  beds  of  the  lias  formation. 

Feet 

White  lias, 10 

Blue  shale  passing  into  marl  stone,  .  .  .  10 

Black  shale  with  iron-shot  fissures,.         .  .  .  12 

Green  siliceous  grit,  highly  micaceous,  and  containing  plenty  of 

bones,  well  known  by  the  name  of  the  bone  bed,         .  1 

Black  shale,         ......  2 

Green  grit,  .  .  .  .  .  .0 

Black  shale,        ......  2 

Greenish  marlstone  decomposing  into  balls,         .  .  18 

Hed  marl  of  the  new  red  sandstone  (oravHUon. 
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in  different  beds  from  light  slate-blue  or  smoke-gray 
'  to  white,  the  former  shadra  belong  to  the  upper, 
the  latter  to  the  lower  layers  of  the  formation.  The 
blue  Has  contains  much  iron,  and  affords  a  lime 
capable  of  setting  under  water.  The  white  is  sus- 
ceptible of  a  fine  polish,  and  may  be  employed  in 
lithography.  It  must  be  distinguished,  however, 
from  the  lithographic  stone  imported  into  this 
country  from  the  continent.  This  comes  from  the 
quarries  of  Solenhofen,  and  is  of  much  more  recent 
formation,  or  stands  higher  iq  the  order  of  super- 
position. 

The  slate-clay  or  shale  with  which  the  lias  alter- 
nates is  of  a  gray-brown  or  black  colour,  it  is  fre- 
quently bituminous,  and  readily  divides  into  plates 
as  thin  as  pasteboard.  The  lias  ts  never  of  a  va- 
riegated hue  like  common  marble,  nor  brecciated, 
neither  does  it  take  brilliancy  or  depth  of  tint  by 
polishing.  It  sometimes  exhibits  dendritical  ap- 
pearances (Cottam  marble).  The  irregular  beds 
consist  of  fibrous  limestone  and  cement  stones 
(septaria),  so  called  from  being  used  in  making 
Hydraulic  mortar..  When  they  are  large  and  flat, 
tliese  septaria  are  called  girdles.  Along  the  Whitby 
coast  these  girdles  have  afforded  a  partial  protection 
to  the  shale,  occasioning  a  number  of  grotesque 
insulated  masses,  which  oflen  turn  red  on  exposure 
to  the  air. 

The  lias  is  nearly  destitute  of  metallic  or  earthy 
minerals, 'except  iron-pyrites  which  is  very  abundant. 
By  the  acidification  of  its  sulphur  the  argillaceous 
strata  acquire  that  efflorescence  of  V\ve  aXxwawvowa 
sulphate,  which  is  so  extensively  ^worked  B.\.\s\i\'(!cr3 . 
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To  the  same  pyritous  decompositioii^  inust  be 
ascribed  the ,  spontaneous  inflammation  often  ob- 
sensed  in  the  clifis  near  Charmouth  in  Dorsetshire. 

Organic  Eemains.^^The  organic  remains  contain- 
ed in  the  lias  are  peculiarly  interesting.  They  afibrd  * 
more  animab  of  a  higher  order  (viz.  of  the  verte* 
bral  class)  than  are  contained  in  the  catalogue  of 
any  other  formation,  excepting  perhaps  the  Stones* 
field'  beds  of  calcareous  slate,  in  the  great  oolitic 
series  about  to  be  described. 

In  this  class  we  have  first  to  notice  the  remains 
of  two  very  remarkable  extinct  genera  of  ovipar-' 
ous  quadrupeds,  evidently  belonging  to  the  same 
group  with  the  great  natural  order  Lacerta,  or 
lizard ;  but  differing  most  essentially  in  structure 
from  all  the  genera  at  present  known  to  exist,  and 
in  such  a  way  as  must  have  fitted  them  to  live  exclu- 
sively in  the  sea.  They  appear,  therefore,  to  bear 
tlie  same  relation  to  living  lacerta^  that  the  cetacea 
(whale  tribe)  bear  to  other  mammalia,  and  form 
a  division  of  tlie  order  lacerta  to  which  the  name 
EnaliO'Sauri  (marine  lizards  or  fish-crocodiles)  may 
be  conveniently  applied.  The  investigation  of 
their  comparative  anatomy,  or  rather  osteology,  is 
very  interesting.  It  has  laid  open  various  new 
links  in  the  chain  of  animated  nature.  See  the  end 
of  this  section. 

LIST  OF  LIAS  FOSSILS. 

3*  The  Whitby  alum  shale  contains  also  abundant  bones  of  the  ich- 
ttyosMinis  and  plesiosaurus. 

4>  Bones  and  palates  of  the  turtle  have  been  found  in  this  foniiation. 
&  Fish  of  Several  species  also  occur  in  its  strata. 
A  The  radius  of  a  species  of  baliata  is  oC  commoia  occ^xi^xi^c. 
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7.  There  are  some  crabs,  of  the  crustaceous  tribe. 

&  Among  testaceous  animals  we  have  species  of  ammonites, 
nautilites,  belemnites,  helecinse,  the  trochus,  modiola,  unio,  cardita, 
tercbratula,  spirifer,  grj'phea,  ostrea,  pecten,  plagiostoma,  lima,  plica- 
tula  ;  but  the  most  characteristic  shells,  are  the  ammonites  Bucklandi, 
gryphea  incurva,  and  the  plagiostoma  gigantea.    See  Plate  II. 

9.  Echinus,  a  variety  of  cidaris  papillata> 

10.  Encrinites.  Many  species  of  pentacrinite  occur  in  the  upper  beds 
of  the  lias  formation. 

1 1*  Corals — madrepora  turbinata. 

The  vegetable  remains  consist  of  fossil  wood,  sometimes  charred  and 
occanonally  silicified.  Gigantic  reeds  resembling  arundo  donax^  are 
found  in  the  sea  cliffs  opposite  High  Whitby.  Trunks  and  branches  of 
fossil  trees,  the  bark  and  softer  parts  of  which  have  been  changed  into 
jet,  are  frequently  met  with  in  the  alum  shale ;  and  leaves  and  impres- 
sions like  those  of  the  palm,  occur  in  the  sandstone  and  iron-stone. 

The  lias  formation  stretches  across  from  the 
coasts  of  the  German  Ocean  in  Yorkshire  to  those 
of  the  Channel  in  Dorsetshire.  The  best  places  for 
studying  this  stratum  are  the  cliffs  of  Whitby  in 
Yorkshire,  those  of  Fretherne  and  Westbury  on  the 
estuary  of  the  Severn  in  Gloucestershire,  of 
Watchettin  Somersetshire,  of  Aberthau  in  Glamor- 
ganshire,  and  of  Lyme  in  Dorsetshire.  The  lias 
generally  forms  broad  and  level  plains  at  the  foot 
of  the  oolitic  range  of  hills.  It  has  been  remarked 
th^t  the  argillaceous  formations  in  most  cases,  con- 
stitute  low  tracts  in  the  present  configuration  of  the 
earth^s  surface;  a  circumstance  which  may  be 
ascribed  to  their  offering  less  resistance,  after 
deposition  under  the  antediluvian  ocean,  to  the 
sweeping  action  of  the  agitated  waters.  They 
must  have  also  suffered  a.  similar  operation  from  the 
rains,  ever  since  they  were  brought  to  the  day. 
Near  the  Mendips,  the  lias  sometimes  occui^ow\!cv^ 
brow  of  tolerably  steep  escarpmeuU,  \i\xl  V\&  \xv^il\- 
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mum  elevation  does  not  amomit  probably  to  five 
hundred  feet  above  the  level  of  the  sea.  -  This  may 
also  be  r^arded  as  its  thickness.  The  indinatioii 
of  the  strata  is  generally  very  small,  not  exceeding 
40  feet  in  the  mile,  which  conformably  with  all  the 
strata  that  range  across  the  island,  from  north-east 
to  south-west,  is  in  a  south-easterly  dire^on. 

As  a  soil  it  is  usually  cold  and  tenacious,  fitter 
for  pasture  than  tillage.  In  Glamorganshire,  how- 
ever, it  bears  very  fine  wheat ;  and  the  marl  of  the 
rag,  or  gray  lias,  is  reckoned  the  richest  in  the 
country. 

The  springs  are  generally  thrown  out  by  the 
marl  above  the  lias,  near  its  junction  with  the  lower 
beds  of  the  sand  that  underlie  the  inferior  oolites  ; 
and  it  is  therefore  uncertain,  to  which  formation 
the  flow  of  water  should  witli  most  propriety  be 
referred. 

Completely  within  the  district  of  the  lias  marls, 
water  can  be  had  only  by  sinking  to  the  bottom  beds. 

GREAT  ANTEDILUVIAN  AMPHIBIA. 

I  shall  annex  to  the  present  section,  a  somewhat 
detailed  account  of  this  interesting  order  of  antedi-' 
luvian  animals,  all  long  since  extinct,  which  occur 
in  tlie  lias  or  the  adjoining  mineral  beds.  A  few 
words  may  be  premised  on  tlie  great  cetaceous  fishes 
(the  whale  tribe).  From  an*  investigation  of  their 
fossU  remains,  and  from  a  skilful  comparison  of 
them  with  tlie  osteology  of  their  living  types,  M. 
Cuvier  draws  the  following  conclusions. 

Thus  is  more  and  more  confirmed  the  proposition 
already  dedxic^di  from  the  exammatioiv  oi  io^^S\.^<^^ 
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that  not  only  the  productions  of  the  dry  land  have 
been  changed  during  the  convulsive  revolutions  of 
the  globe,  but  the  sea  itself,  the  principal  agent  of 
the  most  part  of  these  revolutions,  has  not  pre- 
served the  same  race  of  inhabitants ;  that  when  it 
formed  in  our  neighbourhood  those  immense  cal- 
careous rocks,  replete  with  shells  at  present  almost 
all  unknown,  the  great  mammifera  which  it  nour- 
ished  were  not  those  which  people  it  at  the  present 
day ;  and  that  in  spite  of  a  strength  commensurate 
with  their  enormous  size,  they  have  not  been  able 
to  resist  the  turmoils  of  their  own  eleipent ;  in  the 
same  way  as  the  elephants,  hippopotamuses,  and 
rhinoceroses,  the  most  robust  of  quadrupeds,  fell 
victims  on  the  surface  of  the  earth  to  corresponding 
violence. 

The  bones  of  crocodiles  form  a  very  interesting 
group  of  animal  remains.  They  are  by  no  means 
rare  in  the  deeper  and  more  ancient  secondary 
strata  ;  and  although  they  differ  in  species,  they  all 
belong  to  the  long  muzzled  sub-genus,  which  Cuvier 
calls  gavials. 

In  the  year  1758,  Woller  and  Chapmann  found 
on  the  sea-shore  in  the  Whitby  alum-slate  forma- 
tion, the  bones  of  an  animal  like  a  crocodile.  The 
drawing  which  they  gave  in  the  Phil.  Trans,  vol.  L. 
shows  a  contorted  spine,  9  feet  long,  and  a  head 
somewhat  out  of  place,  2  feet  9  inches  in  length. 
The  head  narrows  anteriorly,  not  suddenly,  but  by 
degrees,  as  in  the  crocodiles  of  Altorf  and  Hon- 
fleur,  into  a  pointed  snout,  which  was  covered  in 
certain  places  with  the  remains  of  l\\e  \o^^\  '^^c^  • 
At  these  places  there  appeared  inbolVv  *^^^^A^^ 
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sharp-pointed  teeth»  placed  alternately^  and  dosdy 
crossing  each  other ;  but  where  the  under  jaw  had 
been  carried  away,  the  teeth  of  the  upper  jaw  were 
also  removed,  showing  only  their  deep  sockets 
placed  at  the  same  respective  distances  as  the  teeth 
themselves,  that  is  to  say,  three  quarters  of  an 
inch  asunder.  The  enamel  of  the  teeth  was  well 
polished. 

At  high  water,  the  sea  rose  5  or  6  feet  above  this 
skeleton,  and  had  tossed  up  sand  and  pebbles  which 
had  defaced  it  a  good  deal,  destroying  the  strata 
which  had  originally  covered  it.  It  is  now  in  the 
Museum  of  the  Royal  Society.  Camper  pronounced 
this  fossil  to  have  been  a  whale  ;  but  a  whale  has 
no  teeth,  and  this  animal  had  teeth  in  both  jaws. 
It  may  probably  belong,  says  M.  Ciivier,  to  the 
newly  discovered  fossil  animal,  Ichthyosaurus. 

In  December  1824,  there  was  observed  in  the 
face  of  a  steep  cliff,  near  Whitby,  part  of  the  head 
of  a  large  animal,  standing  out  from  the  surface  of 
the  alum-shale,  several  yards  above  high  water-mark. 
After  several  days'  labour,  attended  with  considerable 
peril,  the  whole  of  the  bones  were  got  out  of  the 
rock  ;    forming  a   nearly  complete  skeleton  of  a 
crocodile.    Most  of  the  bones  of  both  the  hind  legs, 
with  fragments  of  those  of  the  fore  legs,  were  dis- 
tinctly recognised.     At  the  same  time,  the  appear- 
ance  of  portions  of  the  scaly  crust  of  the  animal, 
arranged  in  rectangular  compartments,  as  in  the 
crocodile,  made  it  easy  to  determine  the  family  to 
which  the  animal  had  belonged.     It  is  figured  in  the 
Edin.  Phil.  Journ.  vol.  XIII.  p.  76.     The  length 
of  the  animal  seems  to  have  beeiv  aViouV  \%  fc^v* 
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The  form  of  its  head  allies  it  to  the  gavtal  crocodile. 
The  teeth  are  small  and  very  numerous,  and  , 
arranged  in  straight  lines  as  in  the  Ichthyosaurus,  but 
not  in  the  bent  or  curved  form,  like  those  of  the 
living  crocodile.  The  vertebral  column  and  bones 
of  the  pelvis  resemble  in  structure  those  of  the 
Nilotic  crocodile. 

The  crocodiles  of  Franconia  were  not  known  so 
soori  as  those  of  England,  but  in  genus  they  are  not 
subject  to  the  same  uncertainty.  The  rock  con- 
taining them,  is  described  as  a  calcareous  stone,  or 
bad  marble  of  a  gray  colour,  replete  with  ammonites 
and  other  ancient  shells.  The  quarries  are  near  the 
small  town  of  Altorf,  now  belonging  to  the  kingdom 
of  Bavaria.  The  strata  are  referred  to  the  middle 
ooHtes.  The  heads  belong  to  the  genus  crocodile, 
but  the  species  is  uncertain. 

The  gangue  in  which  the  crocodile  bpnes  of  the 
Vicentin  are  imbedded  does  not  resemble  the  pre- 
ceding ;  though  it  also  belongs  to  the  shell-limestone 
formation  of  Jura  (lias  and  oolites).  One  of  the 
most  complete  and  undoubted  fossil  crocodiles  both 
as  to  genus  and  species,  is  that  of  Monheim,  dis- 
covered by  Soemmering. 

There  are  few  countries  more  celebrated  among 
naturalists,  and  collectors  of  petrifactions,  than  that 
which  extends  along  the  banks  of  the  Altmuhl,  one 
of  the  tributaries  of  the  Danube,  towards  Pappen- 
heim  and  Aichstedt.  Here  the  numerous  quarries 
of  a  whitish  calcareous  schistus  which  are  worked 
into  paving  stones  for  the  floors  of  apartments,  per- 
petually furnish  casts  of  fishea  awd  cxwsXakSi^wia. 
animals,  entirely  unknov^n  to   moAeTW  d^xxsvaxcj^ 
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and  most  probably  to  living  nature.  Among  these 
are  also  some  very  curious  reptiles,  such  as  die 
pterodacfyles,  or  wing-toed  animals,  which  we  shall 
describe  afterwards. 

These  schists  have  acquired  a  general  celebrity 
from  their  employment  in  lithography,  a  purpose 
which  they  answer  better  than  any  other  stones.' 
They  belong  to  that  prolongation  of  the  chain  of 
the  Jura  mountains,  which  after  opening  a  passage 
to  the  Rhine  at  the  fall  of  SchaflThausen,  extends 
into  Germany,  as  far  as  the  banks  of  the  Mein  near 
to  Cobourg. 

The  valley  of  the  Altmuhl  has  very  precipitous 
sides.  On  these  it  is  easy  to  observe  through  a 
height  of  200  feet,  the  constituent  range  of  strata. 
The  calcareous  schists  occupy  the  summit.  They 
are  rich  in  fishes,  in  Crustacea^  reptiles,  and  even 
star-fish,  but  destitute  of  other  shells,  except  two 
species  of  tellines,  and  some  small  ammonites. 
These  strata  repose  on  a  considerable  mass  of  dolo- 
mite or  magnesian  limestone,  of  which  M.  Von 
.Buch  gives  a  very  interesting  history  in  the  Journal 
de  Physique  for  1822.  It  is  not  stratified,  and 
presents  hardly  any  where  traces  of  petrifactions. 
Of  this  dolomite,  and  its  covering  schists,  tliere  are 
none  very  near  at  hand,  in  the  whole  chain  of  the 
Jura.  They  begin  to  appear  only  between  Dona- 
wert  and  Nordlingen.  The  dolomite  itself  extends 
to  the  north  much  farther  than  the  schists,  and  it 
is  in  its  masses  that  the  famous  bone-caverns  are 
hollowed  out,  of  which  we  shall  afterwards  treat 
Under  it  are  beds  of  grayish-white  limestone,  com- 
psct,  dull,  with  a  scaly  fracture,  t\c\\  Vu  «a\mox\v\©&^ 
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which  furnish  enormous  building-stones ;  and  last 
of  all  there  is  a  brown-gray  or  gray-limestone,  of  a 
fine  grain,  the  basis  of  all  the  hills  of  this  canton. 

The  most  celebrated  of  these  slate  quarries  is  that 
of  Solenhoffen,  in  the  very  valley  of  the  Altmuhl, 
a  little  below  Pappenheim.  The  fossil  crocodile 
which  we  are  now  to*  describe,  was  found  at  a  Kttle 
distance  from  this  place.  It  was  discovered  at 
Daiting,  two  leagues  from  Monheim,  enclosed 
between  two  plates  of  a  schistose  marly  limestone, 
yellowish-gray,  spotted  red  or  yellow  with  oxide  of 
iron,  and  mingled  here  and  there  with  fragments  of 
quartz,  delicately  veined,  of  a  blackish  colour,  and 
crystallized.  It  was  accompanied  with  a  cast  of  the 
tail  of  a  small  fish,  and  remains  of  an  insect. 

The  bones  of  the  crocodile  are  browner  than  the 
stone  itself.  They  still  contain,  by  M.  Gehlen's 
analysis,  some  animal  matter,  with  a  notable  pro- 
portion of  phosphoric  acid. 

The  larger  of  these  stone  slabs,  3  feet  long,  and 
15  inches  broad,  contains  the  head,  the  trunk,  and 
the  tail  of  this  animal,  from  end  to  end,  very  little 
deranged,  along  with  a  hind  foot  almost  entire, 
detached  from  the  trunk  and  incrusted  at  some 
distance.     Scaly  parts  are  mingled  with  the  bonesi* 
We  there  see  the  upper  face  of  the  lower  jaw 
armed  with  25  or  26  teeth  on  each  side,  with  its  two 
branches  separated  at  an  angle  of  S0°.    Of  the  upper 
jaw  we  see  the  palatal  surface,  along  with  the  cov- 
ering bone  and  other  parts  of  the  skull  together, 
but  a  little  detached,  along  with  the  snout.     The 
series  of  the  vertebrae  69  in  all,  is  not  deratv^e^L 
•  except  towards  the  tail.     A  single  ^axvee  'w'^  ^wv- 
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vince  the  comparative  anatomist  that  this  foslil 
skeleton  resembles  a  small  gavial  crocodile  more 
than  any  other  known  animal. 

Jt  has  on  the  whole  the  proportions,  the  number 
of  parts,  the  form. of  the  snout,  of  the  feet,  of  the 
teeth,  &c. ;  and  in  fact  some  attention  is  requisite 
to  discover  the  differences  ;  which  however  will  be  ' 
found  to  be  quite  specific.  It  lias  ten  vertehne 
more  than  any  crocodile  known  to  naturalists. 
These  are  in  its  tail.  From  this,  and  several  pther 
distinctive  marks,  it  is  styled  by  Soemmering  and 
Cuvier  the  Ancient  Crocodile,  with  oblong  cylindrical 
muzzle,  under  teeth  alternately  long  and  short,  and 
the  thigh  bones  double  the  length  of  those  of  the 
leg.  The  above  animal  was  fully  3  feet  long* 
The  length  of  its  head  was  "nearly  seven  inches,  and 
of  its  tail  nearly  19.  It  is  very  remarkable  that  the 
tail  is  no  longer  in  proportion  to  its  body,  notwith- 
standing its  having  ten  vertebras  more  than  the  little 
gavial  which  is  most  akin  to  it.  A  fossil  crocodile 
of  a  similar  kind,  but  in  much  worse  preservation, 
was  found  long  ago  at  Boll  in  Wurtemberg,  and  is 
now  in  the  cabinet  of  Dresden. 

But  a  more  interesting  specimen  of  this  fossil 
ajpimal  has  been  recently  exhumed  from  the  stone 
quarries  near  Caen  in  Normandy.  In  this  district, 
below  the  chalk,  and  the  great  ferruginous  sand 
which  serves  as  its  basis,  is  a  bed  of  blue  marl 
which  begins  to  show  itself  at  Havre,  and  rises  more 
on  the  other  side  of  the  Seine,  at  Henqueville, 
between  Honfleur,  and  the  Vaches  Noires.  In  this 
bed,  have  been  fgund  near  Havre,  bones  of  a  croco- 
d/Ie.     Under  this  stratum  there  ate  \es\\^e^  oi'  ovit 
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Portland  limestone,  and  lower  still,  the  madrepore 
bed  which  is  called  in  England,  coral  rag.  Under 
this  are  found  beds  sometimes  300  feet  thick,  of 
another  blue  marl  analogous  to  that  of  Oxford, 
which  forms  the  Vaches  Noires,  whence  the  croco- 
diles were  dug,  and  the  species  of  reptile  that  Mr. 
Conybeare  has  called  plemsaurus.  Between  this 
marl,  and  the  stone  of  Caen,  there  are  two  other 
beds  equivalent  to  the  cornbrash  and  forest  marble 
of  England.  The  latter  must  be  the  bed  replete 
with  corals,  alluded  to  by  M.  Magneville,  presi- 
dent of  the  Academy  of  Caen,  under  which  alone 
is  found  the  Caen  rock.  Beneath*  it,  we  have 
another  bed  of  blue  marly  stone,  the  counterpart  of 
the  lias  of  England,  which  rests  on  the  red  sand- 
stone. M.  de  Labeche  who  has  given  a  good 
account  of  this  district  in  the  Trans,  of  the  London 
Geological  Society,  2rf  series^  vol  I.  thinks  that 
this  lias  of  France  contains  bones  of  the  ichthy- 
osaurus like  that  of  England. 

It  is  however  certain  that  this  crocodile  of  Caen 
as  well  as  that  of  Monheim,,  those  of  Honfleur,  and 
several  others  which  remain  to  be  mentioned,  be- 
long to  the  great  assemblage  of  beds  which  French 
geologists,  have  agreed  to  call  the  Jura  formation, 
and  the  English,  oolites. 

.  This  crocodile  does  not  seem  to  have  been  rare 
in  this  part  of  the  world,  at  the  period  when  it  lived, 
fbr  within  the  very  few  years  that  attention  has 
been  bestowed  on  this  kind  of  fossil  monuments, 
the  remains  of  at  least  ten  individuals  have  been 
collected. 

The  fragment  belonging  to  this  spec\^^>  n4\v\^ 
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has  excited  most  attention,  was  found  at  the  end  of 
the  year  18 17,  in  that  portion  of  the  stone  beds  of 
Caen  which  occupies  the  right  bank  of  the  river  Ome, 
in  the  quarries  of  a  small  village  called  Allemagne, 
about  a  league  to  the  south  of  the  city  of  Caen.  It 
lay  about  50  feet  below  the  surface  of  the  soil, 
under  which  these  quarries  are  worked.  Among 
several  very  curious  blocks  exhibiting  various  parta 
of  the  skeleton,  one  contains  the  skull.  The  oblong 
i&nout  was  imbedded  in  the  neighbourhood,  along 
with  the  vertebrae,  the  ribs,  the  bones  of  the  legs 
and  feet,  and  the  scaly  armour  of  the  animal,  all  in 
good  preservation.  These  belong  to  a  gavial,  dif- 
ferent alike  from  all  the  living,  and  fossil  species 
hitherto  discovered.  The  entire  snout  was  at  least 
SO  inches  long. 

There  are  some  crocodile  remains  in  the  Jura 
itself,  in  its  most  compact  strata,  which  are  very 
similar  to  marble  in  hardness,  and  susceptibility  of 
a  fine  polish.  They  are  accompanied  by  several 
species  of  tortoises. 

"  The  presence  of  an  animal,"  says  Cuvier,  "  such 
as  the  crocodile,  apparently  belonging  to  fresh 
water,  in  such  beds  is  a  very  remarkable  circum- 
stance. It  is  the  more  deserving  of  notice,  as  it  is 
there  accompanied  with  several  tortoises,  all  equally 
inhabitants  of  fresh  water.   This  fact  joined  to  seve- 

others  of  which  we  shall  speak,  proves  that  there 

d  dry  lands  irrigated  by  rivers  at  an  exceed- 

y  remote  epoch,  and  long  before  the  successions 

Ithose  tertiary  mineral  formations,  whicli  exist  in 

ne^libourliood  of  Paris."     Bvvt  may  not  these 

Vige  species  of  crocodiles,  \\ave  \>^eiv  ^^^^V^A.  Vo 
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Uve  in  the  sea,  as  well  as  their  companion  tor- 
troses? 

A  rich  collection  of  the  bones  of  two  unknown 
species  of  gavial  crocodiles,  .was  made  near  Hon- 
fleur  and  Hdvre,  and  transmitted  to  the  Museum  of 
Natural  History  in  Paris.  These  bones  belong  to  a 
mineral  formation,  anterior  to  the  strata  which  fur- 
nish the  bones  of  even  the  most  ancient  quadrupeds, 
such  as  are  found  in  the  gypsums  round  Paris  ;  for 
these  gypsums  repose  on  the  shell  limestone,  which 
rests  on  the  chalk,  that  covers  the  crocodile  bed. 

The  most  considerable  of  these  fossil  remains,  is 
an  under  jaw  nearly  complete.  It  presents  more 
characters  than  are  necessary  to  determine  a  species, 
and  to  distinguish  it  from  the  existing  gavial.  In 
the  same  strata,  fragments  of  another  jaw  are  found 
far  liker  the  gavial's. 

Another  jaw-bone,  closely  resembling  that  of  the 
gauial,  has  been  found  on  the  left  bank  of  the 
Yonne.  This  must  have  belonged  to  a  crocodile 
17a  feet  long.  ^ 

Two  other  crocodiles,  one  with  a  long  and  the 
other  with  a  short  muzzle,  have  been  detected 
among  the  fossil  bones  from  Honfleur. 

Crocodiles  have  also  been  discovered  under  the 
chalk  formation  in  the  ferruginous  sands  of  Eng- 
land ;  in  the  chalk  itself  at  Meudon  ;  and  imme- 
diately over  the  chalk  in  the  lignites  and  plastic 
clay  of  several  districts.  . 

Teeth   and   bones  of  a  crocodile,   have   been 
detected  in  the  lignites  (wood  coal)  above  the  chalky 
and  under  the  coarse  limestone  anA  ^Aaa^c  ^^k^  "^ 
Aateail  near  Paris. 
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It  is  indeed  very  probable  that  beds  of  lignite 
exist  above  the  coarse  limestone,  the  cakaire  gm* 
sier  of  Brogniart,  which  are  consequently  of  more 
recent  formation. 

M.  Cuvier  has  shown  that  if  the  species  of  croco- 
diles now  existing  be  more  numerous  than  was 
believed,  the  fossil  species  present  also  a  great 
variety.  At  least  six  perfectly  distinct  ones .  may 
be  reckoned,  which  differ  no  less  from  the  living 
crocodiles,  than  they  do  from  each  other.  These 
are  the  species  of  Monheim,  the  two  species  of 
Honfleur,  and  that  of  Caen ;  the  whole  of  which 
four  belong  to  the  sub-genus  of  gavtals ;  and  the 
species  of  Montmartre  and  Argenton,  whose  sub- 
genus appears  to  be  rather  that  of  the  crocodiles, 
or  the  caymans. 

Our  knowledge  on  this  head  is  very  interesting, 
'  since  it  proves  that  crocodiles  have  been  subjected 
to  the  same  law  as  the  mammiferous  animals,  and 
that  their  species  have  not  resisted  the  catastrophes 
which  new  modelled  the  exterior  crust  of  the  globe. 
But  the  most  remarkable  truth  of  which  we  have 
here  the  first  intimation,  is  that  the  different  classes 
of  yertebral  animals  have  not  the  same  geological 
graves,  for  the  fossil  monuments  of  reptiles  are  deeper 
seated,  and  consequently  have  been  interred  at  much 
earlier  periods  than  the  land  mammifera. 

Thence,  till  the  last  epoch  but  one,  there  has 
always  subsisted  in  our  regions  some  species  of 
crocodiles,  and  in  considerable  abundance.  A  few 
occur  even  in  the  diluvial  and  superficial  strata,  in 
which  80  many  carcasses  of  elephatvls  and  other  great 
^  quadrupeds  have  been  buried  \  "i?  v^e  Sio  woV  TOl^- 
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pose  that  the  small  number  of  fragments  collected 
at  Brentford  have  rather  been  transported  thither 
from  the  debris  of  some  deeper  mineral  bed. 

It  must  nevertheless  be  admitted  that  the  bones 
of  crocodiles  are  extremely  rare  in  these  diluvial 
soils. 

Cuvier  has  not  seen  them  either  in  those  immense 
collections  of  bones  of  all  sizes  that  have  been  made 
in  the  Val'  d'Arno,  or  in  those  of  Germany,  or  in 
any  of  the  French  deposits.  "  This  circumstance," 
says  he,  "  must  appear  the  more  extraordinary,  as 
crocodiles  live  at  the  present  day  in  the  torrid  zone 
with  the  elephants,  the  hippopotami,  and  all  the 
other  genera  which  have  furnished  those  bones. 
I  am,  however,  just  now  infoimed  that  some  have 
been  recently  found  in  the  diluvial  beds  of  the  Val' 
d'Amo."  This  want  or  rarity  of  crocodile  remains 
in  diluvial  soils  should  excite  no  surprise  whatever, 
for  the  rising  flood  of  waters  which  killed  the  land 
quadrupeds,  would  not  prove  fatal  to  the  amphibious 
crocodile.  Hence  as  these  two  classes  of  aaimals 
did  not  die  together,  they  could  have  no  common 
place  of  sepulture.  The  crocodiles  would  in  fact 
hold  by  their  favourite  element  at  the  retiring  of 
the  waters,  and  come  thus  to  be  transferred  from 
rivers  to  the  ocean.  Many  would  probably  be 
destroyed  in  the  catastrophe,  and  a  few  might  die 
from  age,  whose  remains  may  have"  been  left  on  the 
land  when  the  waters  were  drawn  off  into  their  new 
reservoirs. 

The  variety  of  living  tortoises  is  so  considerable, 
as  to  make  it  difficult  to  dec\de  viVefeei  *^aiK\ 
tortoise  belongs  to  an  unknown  s\«cves  oi  uoV, 
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On  die  left  bank  of  the  Aar.  a  Httle  way  north  of 
the  town  of  Soleure,  are  numeroiu  quarries  of  Jum 
limestone,  which  was  cert^nly  formed  under  the 
sea,  yet  in  which  the  remains  of  tortoises  (eniydn) 
and  crocodiles  occur.  A  shield  was  found  24  inches 
long,  and  SO  broad.  Similar  specimens  have  been 
dug  out  of  the  ferruginous  sandstone  of  the  county 
of  Sussex  i  in  the  soft  sandstones  of  Dordogne  and 
Switzerland,  strata  reckoned  superior  to  the  chalk  > 
formation ;  and  in  the  day  strata  of  the  Isle  of 
Sheppy. 


The  above  figure  represents  a  fossil  tonmae  of  the  trionjx  tribe, 
fbuDd  ia  the  gypsum  quarries  of  Aix.  The  shield  ia  seen  to  have 
lost  a  portion  of  its  margin.  The  vertebral  plates  form  a  ridge  in  the 
miijdle  of  the  back,  like  the  trionyx  carenata  of  Gcofiro3'.  The  tnanyx 
of  Java  and  the  Ganges  b  the  only  raie  possessed  of  a  similar  shidd, 
though  there  are  diSerencet  suffident  to  distinguUh  this  from  every  \vrmg 
species  now  known. 

Remains  of  sea  turtles  are  found  in  the  neigh- 
bourhood of  Maestricht,  in  those  celebrated  quarries 
of  a  kind  of  coarse  chalk  of  a  sandy  appearance, 
excavated  ia  the  mount^n  of  St.  Vvcive,  anA  \!aft"3 
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are  promiscuously  mixed  with  such  a  variety  of 
marine  productions  and  bones  of  gigantic  saurians 
(lizards  and  crocodiles)  as  have  rendered  this  moun- 
tain famous  in  geology. 

It  now  remains  to  treat  of  the  most  celebrated 
fossil  reptile,  one  which  occasioned  most  contro- 
versy, having  been  taken  at  one  time  for  a  crocodile, 
at  another  for  a  saurian  of  some  other  order,  and 
lastly  for  a  cetaceous  animal,  or  even  for  a  fish. 

Its  bones  have  been  hitherto  found  only  in  one 
canton  of  inconsiderable  extent,  in  the  hills  which 
border  the  east  or  west  side  of  the  valley  of  the 
Meuse  in  the  environs  of  Maestricht.  The  gangue 
is  a  very  tender  calcareous  stone.  This  limestone 
bed  is  at  least  489  feet  thick.  In  many  parts  of  it, 
nodules  of  silex  are  found,  which  along  with  the 
circumstance  of  the  stone  changing  by  degrees  into 
chalk,  a  few  leagues  up  the  valley  of  the  Meuse, 
proves  the  mass  to  belong  to  the  chalk  formation. 
It  contains  moreover  the  same  fossils  as  the  chalks 
of  Meudon,  and  the  other  portions  of  the  Paris 
basin  ;  namely,  sharks'  teeth,  gryphites,  belemnites, 
and  ammonites.  All  these  shells  are  found  along 
with  the  bones,  in  the  lower  parts  of  the  mass 
which  are  also  the  most  tender.  The  upper  parts 
are  harder,  and  contain  more  madrepores,  so  that 
none  of  these  are  collected  unless  when  some  frag- 
ments fall  down  from  the  top  of  the  mountain. 
Several  of  them  are  converted  into  silex. 

The  numerous  marine  products  with  which  this 
rock  is  filled  are  generally  very  well  preserved, 
although  they  are  rarely  petrified,  ac\d  tVve  ^^^\.« 
part  of  them  have  lost  only  a  portioxv  oi  iVv^vc  OTLVONaS. 
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substance.  The  most  bulky  and  remarkable  are  the 
bones  of  an  extraordinary  animal,  whose '  skull  has 
been  found  eqtire.  The  lower  jaw  exhibits  fourteen 
teeth  on  each  side,  all  conformable  in  construction 
to  the  teeth  of  monitors ;  but  the  monitors  have 
only  11  or  12 ;  the  crocodiles  have  15,  which  are 
very  unequal ;  the  present  teeth  are  equal  or  nearly 
so.  The  iguana's  teeth  are  considerably  more 
numerous.  In  those  teeth  there  are  large  and  pretty 
regular  holes,  to  the  number  of  10  or  12.  There 
are  5  or  6  in  the  iguana's ;  from  6  to  7  u^  the 
monitor's  ;  in  the  crocodiles  there  are  a  great  many 
small  and  irregular  ones ;  but  in  a  dolphin  there 
are  only  2  or  3  towards  the  end  of  the  jaw.  The 
whole  composition  of  the  lower  jaw  bone,  in  fact, 
indicates  more  numerous  relations  with  the  monitor, 
than  with  any  other  of  the  saurian  tribe,  and  excludes 
the  cetacea^  which,  like  the  land  mammijeraf  have 
each  side  of  the  lower  jaw  in  a  single  piece. 
The  teeth  in  the  palate  alone  prove  that  the  fossil 
head  did  not  belong  to  a  crocodile  or  a  cetaceous 
animal,  for  neither  of  these  animals  has  palatal  teeth. 
The  coronoid  process  of  the  fossil  jaw  is  a  distinct 
bone,  corresponding  to  a  supplementary  bone  along 
side  of  it 

Though  this  fossil  remain  approaches  more  to 
the  monitor  than  to  any  other  animal,  yet  it  has 
some  peculiarities. 

The  crocodiles,  monitors,  safe-guards,  and  dragons 
of  La  C^p^de,  have  palates  devoid  of  teeth.  The  igu- 
anas, the  anolis,  and  the  ordinary  lizards  participate 
with  several  serpents,  batracians  (frog  tribe),  and 
Abes,  in  this  singular  armour  In  tV\^\)?\a\.e»    I^cco\4l- 
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ing  to  Cuvier  the  head  of  this  fossil  animal  serves 
to  rank  it  between  the  monitors  and  the  iguanas. 
But  what  an  enormous  size  it  has  in  comparison  of 
any  of  the  monitors  and  iguanas  known !  None  of 
these  living  animals  have  probably  a  head  longer 
than  5  or  6  inches  ;  and  that  of  the  fossil  in  question 
is  nearly  4  feet !  In  zoology,  when  the  head,  and 
especially  the  teeth  and  jaw-bones  are  given,  nearly 
all  the  rest  may  be  inferred^  at  least  as  far  as  essen- 
tials are  concerned  :  hence  there  is  no  diflSculty  in 
classing  the  vertebrae  when  the  head  is  once  ascer- 
tained. The  fossil  seems  to  have  belonged  to  an 
aquatic  and  swimming  animal,  somewhat  hke  the 
crocodiles,  using  its  tail  as  an  oar  from  right  to  left, 
but  not  from  above  downwards  like  the  cetacea. 
Several  of  its  vertebrae  have  been  found  and  de- 
scribed; particularly  atSiechem.  The  spine  of  the 
animal  was  composed  of  133  vertebrae,  constituting 
a  length  of  21^  feet  This  number  is  just  about 
double  of  what  the  crocodile  has,  namely  68 ;  but 
it  agrees  very  well  with  the  monitor's,  in  which  there 
may  be  counted  from  117  to  147- 

As  the  jaw-bone  was  4  feet  long,  the  animal  must 
have  had  a  total  length  of  about  26  feet,  and  its 
head  approached  to  one-sixth  of  the  whole,  a  pro- 
portion similar  to  that  of  the  crocodile,  but  very 
different  from  the  monitors,  whose  head  forms  hardly 
one-twentieth  of  their  length.  The  tail  is  ten  feet 
long,  somewhat  less  than  the  half  of  the  total  length. 
It  is  therefore  shorter  than  in  the  crocodile,  in  which 
animal  the  tail  exceeds  by  one-seventh  the  length 
of  the  rest  of  the  body,  and  it  is  mucVv  ^Vvo\Vfex  >(yv»xv 
in  the  monitors,  who^e  tail  is  one-liaXtYowget  ^Skv^W*^^ 
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body  and  head  together.  The  extremfe  shortness  of 
the  bodies  of  the  Maestiicht  vertebrae  is  what  rendefs 
this  tail  so  short.  The  animal  must  have  been  veiy 
robust,  and  the  breadth^  of  its  tail  must  have  formed 
a  very  powerful  oar,  enabling  it  to  work  its  wsy 
through  a  turbulent  ocean.  There  is  besides  no 
doubt  from  all  the  other  remains  which  accompany 
its  bones  in  the  quarries,  that  it  was  a  marine  ani^ 
maL  All  the  ribs  that  have  been  found  are  round 
like  those  of  lizards,  and  not  flat  as  in  crocodiles. 

''  Undoubtedly  it  will  appear  strange  io  some 
naturalists,  to  see  an  animal  surpass  so  much  in 
dimensions  the  genera  to  which  it  is  most  akin  in  the 
natural  order,  and  to  find  its  remains  mixed  with 
marine  productions,  whilst  no  other  saurian  (lizard) 
seems  now  to  live  in  salt  water  ;  but  these  singu- 
larities are  very  inconsiderable  in  comparison  of  so 
many  others  presented  in  the  numerous  monuments 
of  the  natural  history  of  the  ancient  world.  We 
find  a  tapir  of  the  size  of  an  elephant,  and  Uie  mega- 
lonyx  of  the  sloth  tribe,  as  large  as  a  rhinoceros. 
What  is  there  astonisliing  therefore  in  finding  in 
the  animal  of  Maestricht  a  lizard  larger  than  a 
crocodile  ?  But  we  shall  soon  see  several  other 
lizards  of  far  greater  dimensions/' 

It  is  peculiarly  important  to  remark  the  admir- 
able constancy  of  the  zoological  laws,  which  govern 
every  class  and  every  family.  "  I  had  not  examined,'* 
says  Cuvier,  "  either  the  vertebrae  or  the  limbs,  when 
I  was  occupied  with  the  teeth  and  tlie  jaws ;  and 
a  single  tooth  in  fact  announced  every  thing. 
When  once  the  genus  was  determined  by  means  of 
it,  all  the  rest  of  the  skeleton  feW  ^^^otvXaxv^ovv^^ 
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into  its  place;  without  trouble  or  hesitation,  on  my 
pait.  I  cannot  too  much  insist  on  these  general 
laws,  or  the  bases  and  principles  of  the  methods, 
which  in  this  science  as  in  all  others,  possess  an 
interest  far  superior  to  that  of  any  individual  dis- 
covery, however  striking  it  may  be.  M.  Cony- 
beare  has  recently  proposed  for  this  fossil  animal 
of  Maestricht  the  name  of  MosasaurtiSy  which  may 
be  adopted  till  a  generic  name  more  descriptive  of 
its  characters  be  found."* 

Another  strange  reptile  h^  been  discovered  by 
M.  de  Soemmering  in  the  environs  of  Monheim, 
which  he  calls  Lacerta  Gigantea,  and  which  M. 
Cuvier  considers  as  a  new  subgenus  intermediate 
between  the  crocodiles  and  monitors.  He  styles  it 
Geosauihis.  The  bones  were  found  at  a  depth  of 
10  feet,  a  few  yards  from  those  of  the  crocodile 
formerly  mentioned,  by  some  miners  employed  in 
digging  the  granular  iron  ore,  which  fiUs  the  fis- 
sures of  the  beds  of  the  calcareous  schistus.  Enve- 
loped  in  a  bank  still  more  marly,  and  softer  than 
where  the  crocodile  was  impasted,  these  bones  were 
not  so  well  preserved ;  and  it  was  difficult  to  disen- 
gage certain  parts,  so  as  to  recognise  their  char- 
acters. Its  head  was  only  about  one-fourth  the 
size  of  that  of  the  Maestricht  animal,  and  therefore 
the  term  gigantic  is  not  appropriate. 

The  Megalosaurus  is  a  very  great  species  of 
reptile,  nearly  akin  to  the  preceding,  discovered  in 
the  beds  of  oolite  of  Stonesfield  near  Oxford  by  the 
Rev.  Dr.  Buckland.     It  appears  allied  to  the  sau- 

*  Cuvier.    OsaemeDs  Fossiles,  Tom.  V.  Part  11.  v  '^^  * 
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rians  and  crocodiles.  If  any  animal  desen'e  the 
title  of  gigantic  it  is  tlie  present  species.  Its  thigh 
bone,  32  inchesloug,  would  of  itself  indicate,  accwd- 
ing  to  the  proportions  of  a  monitor,  a  total  length 
of  more  than  48  feet,  and  if  some  tiiigh  bones  be 
found  t  feet  and  upwards,  as  has  been  asserted, 
its  Jength  would  be  still  more  prodigious.  But  its 
laU  was  probably  not  so  long  in  proportion.  By 
comparing  it  to  tlie  crocodile  construction,  it  would 
still  be  more  than  30  feet  long. 

"  A  j)liilosopher  who  does  honour  to  geology  by 
precise  and  consistent  observations,  as  well  as  by 
the  steadiest  opposition  to  random  hypotheses.  Pro- 
fessor Buckland,  made  this  discovery  several  years 
ago,  and  I  saw  the  fragments  of  the  fossU  at  his 
residence  in  Oxford  in  1818.  I  even  delineated 
some  of  them  there  ;  but  he  since  had  the  complai- 
sance to  Bend  me  the  memoir  which  he  is  about  to 
read  on  this  subject  to  the  Geological  Society  erf" 
London.  From  this  manuscript  I  derive  the  prin- 
cipal materials  of  the  present  article."* 
.  These  bones  were  discovered  at  Stonesfield,  in  a 
mineral  bed  to  be  afterwards  described. 

This  fossd  animal  certainly  surpassed  the  greatest 
crocodiles  that  are  known,  approaching  in  size  to  a 
small  whale.  From  the  incisor  form  of  its  teeth, 
there  is  no  doubt  that  its  disposition  was  exceed- 
ingly voracious.  Every  thing  that  accompanies  its 
remains  in  the  quarries  where  it  lies  buried,  indi- 
cates its  marine  nature.  We  there  find  immense 
numbers  of  nautili,  ammonites,  trigoniae,  belem- 

•Cuvier— OsBemenBFMMleB,  Tom.  \ .  tartW.  v  ^^ 
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nites,  some  teeth  of  sharks  and  other  fishes,  various 
bones  of  fish,  and  remains  of  one  or  two  species 
of  crabs.  Among  these  innumerable  marine  fossils, 
there  are  always  some  long  bones  which  appear  to 
have  proceeded  from  long-legged  birds  of  the  order 
GriUae,  and  even  two  fragments  of  jaw-bone  of 
didelphus  or  opossum.  It  was  not  to  be  supposed 
that  so  enormous  an  animal  could  have  been  con- 
fined to  a  single  locality,  and  accordingly  fragments 
of  it  have  been  found  in  some  other  parts  of 
England. 

Mr.  Mantell  of  Lewes  in  Sussex,  has  discovered 
megalosaurus'  bones  of  enormous  dimensions,  and 
among  others,  fragments  of  thigh  bones,  the 
largest  of  which  is  22  inches  in  circumference, 
whence  Mr.  Mantell  concludes  that  its  length  must 
have  been  about  54  inches.  The  fragments  of  the 
bones  of  the  metacarpus  or  metatarsus  (bones  of 
the  instep)  are  so  large,  that  M.  Cuvier  would  have 
taken  them  at  first  sight,  for  those  of  a  great  hippo- 
potamus. Along  with  these  bones  of  megalo- 
sauruSy  Mr.  Mantell  found  bones  of  crocodiles, 
of  tortoises,  plesiosaurus^  cetaceous  fishes  and 
birds. 

These  Stonesfield  remains  are  found  in  a  bed  of 
calcareous  sandy  slate,  the  greatest  thickness  of 
which  does  not  exceed  6  feet,  and  iXrhich  lies  in  the 
upper  part  of  the  third  or  lowest  division  of  the 
oolitic  rocks ;  being  nearly  connected  with  the 
forest-marble,  and  interposed  between  the  super- 
stratum of  combrash,  and  substratum  of  the  great 
oolite  of  Bath.  Its  place  among  tVve  coTi\ixifc\v\2S. 
equivalent  /brmations,  is  between  \\ve  eexAxA  ^kA 
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lowest  strata  of  the  Jun  limestone.  ,  In  woridng 
the  quarries  at  Stonesfidd,  the  men  descend  bj  vier* 
tical  shafts  through  a  solid  rock  of  combrash  «nd 
stratified  clay,  more  than  40  feet  thick,  to  the  slaty 
stratum  containing  these  remains.  It  is  important 
to  notice,  this  circumstance,  says  Professor  Bock* 
land,  because  it  has  been  supposed  by  lAsny  persons 
^o  have  never  visited  the  quarries,  that  the  remains 
are  lodged  either  in  fissures  and  cavities,  or  in  a 
superficial  and  merely  local  deposit.  This  is  de« 
cidedly  not  the  case.  They  are  absolutely  imbedded 
in  a  deeply  situated  regular  stratum  of  the  rock 
itself,  which  is  known  to  extend  across  England, 
from  Coley- Weston  near  Stamford  in  Lincolnshire, 
to  Hinton  near  Bath,  and  is  in  many  places  exten- 
sively quarried  for  coarse  oolitic  slate,  used  for 
covering  houses.  Many  of  these  quarries  abound 
in  marine  and  vegetable  remains  ;  but  the  megalo- 
saurus,  opossum,  birds,  and  coleopterous  insects, 
have  as  yet  been  observed  in  it,  only  at  Stones- 
field. 

The  megalosaurus  was  probably  an  amphibious 

•  animal.  To  judge  from  a  thigh  bone  of  another  of 
the  same  species,  discovered  in  the  ferruginous 
sandstone  of  Tilgate  forest  near  Cuckfield  in  Sus- 
sex,  which  is  preserved  in  Mr.  MantelPs  valuable 
collection,  the  animal  must  have  equalled  in  height 
our  greatest  elephants,  and  in  length  have  come  but 
little  short  of  the  largest  whales ;  but  as  the  longi- 
tudinal growth  of  animals  is  not  in  so  great  a  ratio 
as  their  height,  afler  making  some  deductions.  Dr. 
BiickJand  calculates  the  length  of  this  reptile  from 

Cuckfield  at  from  sixty  to  sevetvt^j  fe^\.\ 


WING-TOED  ANTEDILUVIAN  MONSTER. 


S!23 


The  teeth  of  this  animal  are 
lodged  in  distinct  alveoli  or 
sockets,  but  do  not  adhere  as 
In  the  monitors,  by  any  incor- 
poration of  the  root  or  sides, 
wiUi  the  substance  of  the  jaw : 
the  young  teeth  are  hollow  at 
the  base,  and,  as  usual  become 
IHled  as  they  grow  older.  The 
oew  teeth  are  formed  in  distinct 
cavities  by  the  side  of  the  old 
mies,  towards  the  interior  sur- 
6Ke  of  the  jaw,  and  probably 
expel  the  old  teeth  by  the  usual  . 
pnK^ess  of  pressure  and  absorp- 
tioq.  and  insinuate  themselves 
intothe  cavities  thus  left  vacant. 
The  teeth  are  flattened  laterally,  and  recurved 
backwards,  being  serrated  on  the  posterior  edge 
along  the  whole  extent  of  their  enamel,  and  also  on 
the  anterior  edge  when  young.  This  edge  is  thick- 
er, and  tike  theWck  of  a  knife,  is  more  soUd,  than 
the  posterior  or  cutting  edge.  The  figure  in  the 
margin  represents  a  tooth  of  the  natural  size. 

The  late  M.  ColUni,  director  of  the  Cabinet  of 
the  Elector  Palatine  was  the  first  to  describe  a 
genus  of  Saurian  reptiles,  characterised  by  the 
excessive  elongation  of  the  4th  toe  in  front,  to 
which  animal  M.  Cuvier  has  given  the  name  of 
Pterodactyls  (wing-toed).  It  was  found  in  one 
of  the  marly  stones,  foliated,  gray,  and  somerimes 
yellowish,  of  Aichstedt,  which  abound  in  dendiv^RSs 
wd  animal  petrifactions. 
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It  is  hardly  possible  to  doubt,  says  M.  Cuvier, 
that  the  long  toe  served  to  support  a  membrine^ 
which  furnished  the  animal,  over  the  whole  length  of 
the  fore  1^,  with  a  much  more  powerful  wing,  than 
that  of  the  dragon  (Draco  Volans.  lin.),  and  at 
least  equal  in  strength  to  that  of  the  bat  Hiia 
ancient  animal  could  fly  with  a  vigour  proportional 
to  its  muscular  power;  and  then  it  could  make 
use  of  its  three  short  toes,  armed  with  crooked 
claws,  to  suspend  itself  from  trees.  We  have  here  an 
animal  which  in  its  osteology,  from  the  teeth. to 
the  extremity  of  its  claws,  presents  all  the  clasuc 
characters  of  the  saurians  or  lizards.  There  is  no 
reason  to  doubt  of  its  having  also  had  their  generic 
characters  in  its  integuments  and  soft  parts  ;  of  its 
having  their  scales,  organs  of  circulation,  genera- 
tion, &c.  But  it  was,  at  tlie  same  time,  provided 
with  the  means  of  flying ;  an  animal  which  in  a 
standing  posture  could  make  little  use  of  its  fore- 
legs, if  it  did  not  keep  them  always  folded  up,  as 
birds  do  their  wings ;  which  could  however  also 
employ  its  small  fore-toes  for  hanging  itself  to 
branches  of  trees,  though  its  posture  of  repose  must 
have  been  usually  on  its  hind  feet,  just  like  that  of 
birds.  It  must  moreover  have  held  its  neck  re- 
verted, as  birds  do,  to  prevent  its  enormous  long 
head  from  upsetting  its  equilibrium. 

From  these  data,  it  would  be  possible  to  figure 
it  in  the  living  state ;  but  the  picture  we  should 
form  would  be  most  extraordinary;  and  would 
appear  to  those  who  had  not  minutely  followed  out 
it¥  anatomical  structure,  as  tlie  offipring  of  a  dis- 
tempered imagination,  ratVier  Xivan  ^  ■na.VMi^  ■vio- 


ANTEDILUVIAN  MAN  OF  SCHEUCHZER^  2S5 

duction.  Something  very  like  it  may  occasionally 
be  seen  in  the  grotesque  paintings  of  the  Chinese. 
From  the- same  strata,  in  the  quarries  of  Win- 
dischhof,  half  a  league  from  Aichstedt,  a  small 
Pterodactylus  with  a  short  beak  has  been  extracted. 
These  are  incontestably  the  most  extraordinary  of 
all  the  creatures  whose  ancient  existence  has  been 
revealed  in  the  bowels  of  the  earth ;  creatures 
which  were  they  seen  alive,  would  seem  most  alien 
from  the  system  of  animated  nature. 

Animals  analogous  to  the  frog,  the  toad,  the 
salamander,  those  naked  reptiles  subject  to  meta- 
morphoses, which  form  a  small  family,  quite  insu- 
lated in  the  animal  kingdom  by  their  whole  organi- 
zation, existed  at  tlie  same  remote  period  in  the 
strata  disordered  by 
the  revolutions  of  the 
globe,  and  although 
they  were  different 
in  species,  they  were 
subjept  to  the  same 
laws  of  co-existence 
and  form  of  the  or- 
gans. Only  a  few 
of  them  have  been 
found  in  the  fossil 
state,  and  in  few 
places.  Possibly  there 
are  none  absolutely 
certain  besides  those 
of  the  marvellous 
quarries  of  ^uln^w. 
The  prelen4.e&.icfiK\ 
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man  of  these  quarries,  clescribeil  by  Scbeuclizer, 
which  other  naturalists  regarded  as  a  silurus,  is 
according  to  M.  Cuvier  merely  an  aquatic  sala- 
maniler  of  gigantic  size,  and  unknown  species. 
Scheuchzer  gave  an  abridged  account  of  tlm  ani- 
mal  in  the  Philosophical  Transactions,  for  17^  aiuJ 
made  it  also  tlie  subject  of  a  particuJar  dissertation, 
entitled  Homo  Diluvii  Testis,  The  Man  who  wit- 
nessed the  Deluge.  It  must  ha^-e  required  all  the 
blindness  of  the  spirit  of  system  to  make  such  a 
person  as  Scheuchzer,  a  physiciaji  who  ought  to 
Iiave  seen  human  skeletons,  deceive  himself  so 
grossly ;  for  this  fancy  of  his  cannot  sustain  the 
slightest  examination.  This  fossil  skeleton,  as  a 
little  further  chiseled  out  of  its  rock  by  Cuvier,  is 
represented  in  our  figure,  p.  '^i^5.  Anotlicr  of  a  simi- 
lar animal,  described  by  John  Gesner  in  1758,  was 
a  silurus  glatus.  The  form  of  the  head,  the 
immense  orbital  holes,  the  want  of  teeth  in  tliejaws, 
with  many  other  distinct  circumstances,  prove  that 
tiiere  is  nothing  human  about  tliejse  fossil  remains. 
They  are  precisely  like  skeletons  of  tiie  salaman- 
■der  species. 

THE  ICHTHYOSAUKUS  AND  PLESIOSAUBUS,  TWO 
MONSTROUS  SEA  LIZARDS. 

We  are  now  come  to  those  among  the  reptile 
tribe,  or  ])erhaps  among  all  fossU  animals,  which 
bear  the  least  resemblance  to  tlie  individuals  now 
kno'A'n,  and  which  are  most  calculated  to  surprise 
the  naturalist  by  combinations  of  structure,  almost 
incredible  to  every  one  wiio  may  not  have  obseiTcd 
ior  himseif,  or  who  euierlawia  t,\\e  Av^xssx,  ^t3Vi\A. 
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about  their  authenticity.  In  the  first  of  these  two 
genera,  we  see  a  muzzle  of  a  dolphin,  teeth  of  a 
.  crocodile,  a  head  and  'breast  of  a  lizard,  paws  of  a 
cetaceous  animal  or  paddles  of  a  turtle,  four  in 
number,  and  finally,  vertebra  of  a  &sh ;  in  the 
second,  with  the  same  turtle  paddles,  we  have  a 
lizard's  head,  and  a  long  neck  like  the  body  of  a 
serpent :  these  singularities  are  now  exhibited  to  us 
in  the  Ichthyosaurus  and  Flesiosaurus,  after  being 
buried  for  so  many  thousand  years,  under  an  enor- 
mous mass  of  stones  and  marbles.  It  is  to  the 
more  ancient  secondary  strata  that  they  belong. 
None  of  them  are  found  except  in  those  beds  of 
marly  stone  or  grayish  marble,  filled  with  pyrites 
and  ammonites,  or  in  the  oolites  j  all  mineral  for- 
mations of  tlie  same  order  as  the  Alpine  limestone. 
It  is  in  England  especially,  that  their  remans  appear 
to  be  abundant ;  and  it  is  to  the  zeal  of  the  English 
geologists,  tliat  our  knowledge  of  them  Is  due. 
They  have  spared  no  pains  to  make  a  large  collec- 
tion of  their  relics,  and  to  join  them  together  in  as 
systematic  a  frame,  as  tlie  state  of  the  fragments 
would  permit.* 

Notwitlistanding  the  anom^es  of  their  structure, 
these  animals  approach  more  nearly  to  lizards  tiian 
to  any  other  genus,  and  they  might  therefore  have 
been  discussed  at  the  end  of  the  saurian  tribe.  But 
cert^  anomalies,  and  the  doubts  which  they  had  at 
first  excited,  are  sufficient  reasons  for  placing  their 
description  here,  in  order  to  bring  them  into  com- 
parison with  a  greater  variety  of  objects. 

"  This  merited  euJogitm  of  Ibe  English  geolo^ste  is  twia  ^^l«;  V^t*  "^^ 
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secures  to  the  English  Baronet  the  sole  honour  of 
revealing  to  naturalists  the  extraordinary  genus 
under  consideration.  Messrs.  Conybeare  and  La- 
beche  have,  however,  added  teveral  interesting 
particulars,  and  extensive  details,  to  those  of  the 
learned  anatomist 

In  a  memoir  inserted  in  the  Geological  Transact 
tions  for  1821,  these  two  gentlemen  published  their 
great  discovery  of  a  new  genus  of  the  s2me  tribe» 
but  more  akin  to  the  ordinary  sauriansi  which  they 
called  pksiosaurus.  They  also  described  the  com-  ' 
position  of  the  lower  jaw  of  the  ichthyosaurus,  that 
of  the  muzzle,  and  a  great  portion  of  the  posterior 
and  inferior  faces  of  the  cranium.  They  showed 
that  the  ring  of  bony  pieces  at  the  sclerotic  is 
characteristic  of  a  lizard,  but  not  of  a  fish,  and 
entered  into  new  details  on  the  vertebrae  and  articu- 
lation of  the  ribs. 

A  second  Memoir  of  the  same  authors,  in  the 
Geological  Transactions  for  1823,  at  the  same  time 
that  it  extended  the  description  of  the  plesiosaurus^ 
fixed  more  clearly  our  ideas  about  the  teeth  of  the 
ichthyosaurus^  expressed  distinctly  the  characters  of 
its  species,  re-established  the  truth  with  regard  to 
the  position  of  its  nostrils,  and  marked  the  relations 
and  the  differences  of  structure  between  its  head 
and  that  of  lizards. 

It  was  now  possible,  witli  materials  so  copious, 
and  presented  with  so  much  care  by  the  authors  of 
these  Memoirs,  to  compose  an  osteological  descrip- 
tion of  the  ichthyosaurus,  as  complete  at  least  as 
that  of  any  other  extinct  animaL    M,  Cuvier  could 
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have  joined  to  these,  several  drawings  and  frag- 
ments which  had  been  sent  him  by  the  friends  of 
science.  It  remained  for  him  to  show  the  form  of 
the  frontal  bone  and  its  accessories,  the  hole  of  the 
parietal  similar  to  that  of  lizards,  and  the  sphenoid 
also  much  liker  that  of  lizards,  than  it  had  appeared 
in  the  remains  previously  analysed.  The  ichthyo- 
saurus is  peculiarly  abundant  in  England*  Its 
remains  are  deposited  from  the  new  red  sandstone 
up  to  the  green  sand,  immediately  below  the  chalk  ; 
hence  it  belongs  to  almost  every  epocha  of  the 
secondary  formations.  Fragments  of  it  are  in  fact 
found  in  a  marl  associated  with  green  sand,  at  Ben- 
sington;.  in  the  calcareous  sandstone  under  the 
oolite  at  Marcham ;  immediately  under  the  oolite, 
at  Shotoverhill ;  all  places  in  the  county  of  Oxford. 
There  are  also  some  specimens  under  the  oolite  at 
Kimmeridge  in  Dorsetshire. 

But  ^it  is  especially  the  lias  of  the  English  geolo- 
gists, that  bluish-gray,  marly,  and  pyritous  marble, 
which  seems  to  have  been  its  sepulchre.  This  has 
furnished  innumerable  remains  of  it  in  the  counties 
of  Dorset,  Somerset,  Gloucester,  and  Leicester; 
and  principally  in  the  valley  of  the  Avon,  in  tlie 
county  of  Somerset  between  Bath  and  Bristol,  and 
on  the  Dorsetshire  coast,  where  the  cliffs  between 
Lyme  and  Charmouth  appear  to  be  inej^haustible 
quarries  of  ichthyosaurus.  It  is  there  found  nearly 
as  the  palaeotheriums  are  in  the  plaster  beds  of 
Montmartre  ;  their  bones  being  sujrrounded  with  a 
quantity  of  small  ammonites. 

Portions  of  it  are  also  found  in  the  ^atae  ^tow^- 
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bed,  much  further  to  the  north,  for  great  iragments 
have  been  "obtained  from  Newcastle  in  Northumber- 
land. 

The  ichthyosaurus  bones  are  much  rarer  on  the 
continent;  only  among  the  groups  of  crocodile 
bones  from  Honfleur,  some  of  its  vertebra?  may  be 
recognised.  A  few  others  have  been  detected  in 
France  and  Germany,  especially  from  the  neighbour- 
hood of  Altorf,  which  were  foolishly  mistaken  atone 
time  for  human  vertebrae.  Very  lately  there  have 
been  discovered  a  skeleton  almost  entire,  and  several 
other  rebcs  of  ichthyosaurus  at  Boll  in  Wirtemberg,' 
the  same  place  where  fossil  crocodiles  and.  other 
organic  remains  were  found  in  great  number, 
among  the  secondary  formations.  They  lie  in  a 
calcareous  schistus  'analogous  to  that  of  Solenhoifen. 

The  teeth  of  ichthyosauri  are  conical,  and  their 
corona  (summit)  is  enamelled,  and  longitudinally 
.  striated  as  in  the  crocodiles. 

The  number  of  teeth  is  considerable.  Mr.  Cony- 
beare  counts  no  less  than  30  on  each  side  of  each 
jaw;  and  Sir  £.  Home  shows  4<5  in  the  individual 
of  his  XV.  Plate,  Phil.  Trans.  1820.  Messrs.  Labecbe 
and  Conybeare  have  found  sufficient  differences 
among  these  teeth  to  deduce  from  them  the  charac- 
ters of  four  distinct  species. 

The  teeth  of  the  ichthyosaurus  are  lodged  loosely 
in  a  long  continuous  furrow,  retained  only  as  if 
would  appear,  by  the  substance  of  the  gum.  This 
structure  Is  widely  different  from  that  of  the  moni- 
tors, and  ordinary  lacertte,  7)\ieie  \!t\e  \£fe'i)a  adhere 
to  the  jaw  by  a  solid  bony  utviotv.    \v  ^\SSe.^?.  tsKido, 
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less  from  that  of  the  crocodile ;  the  only  variation 
being  that  the  alveoli  (wliich  in  the  crocodile  are 
separate)  here  run  together  into  one  long  continu- 
ous furrow ;  in  which,  indeed  the  rudiments  of  a 
separation  into  distinct  alveoli  may  be  traced,  in 
the  slight  ridges  extending  between  the  teeth  along 
the  sides  and  bottom  of  the  furrow.  The  appear- 
ance and  progress  of  the  new  tooth,  which  is  to 
replace  the  old  one,  is  very  nearly 
the  same  in  the  ichthyosaurus  and 
crocodile.  In  the  latter  animal 
they  always  remain  hollow.  The 
new  tooth  first  appears  as  a  germ 
within  the  root  of  the  old.  one, 
whence  by  elongation,  it  rises  up 
into  its  cavity,  and  by  its  increase  j 
splits  the  old  tooth,  whose  frag-' 
ments  soon  fall  off.  In  man  and  1 
most  mammalia  there  is  only  a  tj^ 
single  change  of  teeth ;  but  in  the  '^^  ,, 
crocodile,  there  is  a  continual  \ 
succession  of  fresh  teeth,  the  in- 
terior is  never  filled  up  with  bony  \ 
matter,  and  the  process  may  be  traced  in  ^1  its 
stages  in  the  jaws  of  crocodiles  of  every  age.  In 
the  ichthyosaurus,  however,  the  interior  cavity  of 
the  teeth  is  gradually  obliterated  in  old  age,  by 
the  ossification  of  the  pulpy  nucleus.  In  this  ani- 
mal, therefore,  the  succession  of  new  sets  of  teeth 
is  but  seldom  repieated,  and  perhaps  not  more  than 
once.  This  curious  teething  process  \&  xe^teseoSua^ 
in  the  figure  of  the  natural  size  ou  V\ie  mw^'^. 
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What  is  most  striking  in  the 
head  is  the  enonnoiu  uze  of 
the  eye,  and  the  drcle  of  bony 
I  pieces  which  strengthen  tlw 
sderotic  in  front  These  pieces 
fomif  aa  is  known,  a  character 
common  to  birds,  tortoises,  and 
~  lizards,  to  the  exclusion  of  citK 
codiles  and  fishes.  In  fact,  the 
I  sclerotic  of  the  crocodile  is 
I  simply  cartilaginous ;  in  fishes, 
;  it  is  often  osseous  in  whole  or  in 
I  part,  but  in  them  it  is  never 
^  furnished  in  front  with  a  ring 
I  of  bony  pieces  as  in  birds, 
i  This  marked  character,  whicli 
'  I  had  at  first,  nobody  knows  why, 
5  caused  tliis  animal  to  be  liken- 
^  ed  unto  fishes,  ought  rattier  to 
t  have  associated  it  witli  lizards.* 
•b  The  nmnber  of  Uic  vertebra: 
I  is  very  considerable.  Mr.  Cony. 
s  beare  reckons  between  80  and 
OOofthem:  M.  Cmier  possesses 
an  individual  that  must  have 
liad  95.  Those  distinguishable 
in  the  fine  skeleton  of  Sir  Everard  Home,  amount 
to  72  at  least  As  much  as  the  ichthyosaurus  re- 
sembles lizards  by  the  osteology  of  its  iiead,  so  much 
does  it  differ  in  the  forms  of  its  vertebra; ;  and  in 
this  respect  it  approaches  at  once  to  fishes  and 
cetacea,  as  Sir  Everard  had  very  justly  remarked. 
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The  ribs  are  very  slender  for  so  great  an  animal, 
and  are  not  compressed,  but  rather  triangular.  The 
shoulder  and  the  breast  bone  of  the  ichthyosaurus 
are  disposed  essentially  as  in  the  lizards^  The  fin 
is  fonned  by.a  series  of  small  bones,  comparable  to 
the  phalanges  of  the  dolphin,  but  still  more  numer- 
OUB  and  condensed.  All  these  bones,  upwards  of 
100  in  one  paddle,  are  flat,  and  their  angles  are  , 
tesselated  like  a  pavement,  having  little  motion  on 
each  other,  and  exhibiting  no  external  division  in 
the  living  animal. 

Thus  we  possess  the  skeleton  of  the  ichthyosau- 
rus in  all  its  parts,  and  excepting  the  form  of  its 
scales  and  the  shades  of  its  colours,  nothing  hinders 
us  from  making  a  complete  representation  of  this 
animal. 

It  was  a  reptile  with  a  moderate  tail,  and  a  long 
pointed  muzzle  armed  with  sharp  pointed  teeth. 
Two  eyes  of  enormous  magnitude  must  have  given 
iti  head  a  most  extraordinary  aspect,  and  have  faci- 
litated its  yision  during  the  night.  There  was 
probably  no  external  ear,  and  the  skin  passed  over 
the  drum  bone,  as  in  the  cameleon,  the  salamander, 
•or  the  pipa,  without  even  becoming  •  any  thinner. 
It  naturally  breathed  air,  and  ^ot  water  like  fishes ; 
hence  it  was  often  obliged  to  come  to  the  surface. 
Nevertheless  its  short,  flat,  undivided  limbs  allowed 
'  ^  it  merely  to  swim,  and  it  is  very  probable  that  it 
oould  not  even  crawl  on  the  shore  as  well  as  the 
seals  do ;  but  that  if  it  had  the  misfortune  to  be 
wrecked  there,  it  would  remain  motionless  like 
whales  and  dolphins.  It  lived  itv  a  se^^  Vt^vaSoAfc^ 
.  at  the  same  time  by  mollusca,  v^\vvc\v  \\we  \^^ 
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ammonite  animals  to  all  appearance,  forming  npe^ 
cies  of  sepia  or  pulps,  which  contained  in  their  in- 
terior (as  at  the  present  day  the  nautUus  spbuU) 
those  spiral  and  singularly  chambered  shells. 
Terebratula  with  different  species  of  oysters  abound- 
ed also  in  this  sea,  and  several  sorts  qfcrocodSu 
frequented  its  shores;  ffeven  they  did  not  inhabit  it 
cofgointijf  with  the  ichthyosauri.^ 

We  can  assign  with  precision,  at  least  in  the  spe- 
cies  with  a  slender  muzzle  (/•  tenuirostris)  the  piro; 
portions  of  its  parts.  In  a  total  length  of  three 
feet  and  a  half,  which  is  that  of  M.  Cuvier*s  little 
skeleton,  the  head  and  tail  take  up  each  one  foot, 
and  there  remains  a  foot  and  a  half  for  tlie  trunk, 
at  the  two  extremities  of  which  are  the  fins  ;  for 
one  can  scarcely  say  that  there  has  been  a  neck. 
The  fore  fin  (counting  the  humerus  or  shoulder 
bone)  was  seven  inches  and  a  half  long,  with  a 
breadth  of  nearly  three  inches.  The  posterior  fin 
was  a  little  less  both  in  length  and  breadth. 

The  great  head  of  the  I.  Communis,  possessed  by 
M.  Cuvier,  must  have  had  a  length  of  at  least  2  feet 
and  a  half;  hence  it  indicates  an  individual  about  9 
feet  long.  A  skeleton  discovered  on  the  coast  of 
Dorsetshire  by  Miss  Mary  Anning  has  however  been 
referred  to  this  species,  altliough  it  is  only  5  feet  long. 
In  lealily,  among  reptiles,  the  size  may  vary  from 
jjknihie  to  single,  without  the  teeth  denoting  the 
But  there  are  much  greater  ichthyosauri, 
cularly  in  the  species — 'platyodon  (broad 
ed).     Miss  Anning,  it  is  said,  has  also  discov- 
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ered  a  skeleton  20  feet  long.  Mr.  Johnson  pos- 
sesses a  cranium  whose  breadth  behind  is  two  feet 
six  inches,  and  the  longitudinal  diameter  fourteen 
inches ;  and  M.  Cuvier  has  vertebrae  6  inches  in 
diameter,  which  compared  to  those  of  his  little 
skeleton  whose  diameter  is  only  one  inch,  may  have 
belonged  to  individuals  of  twenty-one  feet.  Cuvier 
received  from  Dr.  Davis  of  Bath,  a  drawing  of  one 
of  these  vertebrae  found  in  oolite  near  that  city, 
which  is  nearly  7  inches  long.  And  he  has  himself 
fragments  of  fins  from  Newcastle  which  correspond 
to  individuals  of  a  very  great  size.  This  species  of 
ichthyosaurus  did  not  come  far  short  of  the  mosa- 
saurus  of  Maestricht,  whose  length  has  been  calcu- 
lated at  25  feet. 


OF  THE  PLESIOSAURUS. 


This  genus  is  also  entirely  English,  and  solely 
due  to  the  sagacity  of  Mr.  Conybeare.  Some  ver- 
,  tebrae  mixed  with  those  of  the  crocodile  and  ichthy- 
osaurus,  in  the  lias  of  the  envii*ons  of  Bristol, 
appeared  to  him  to  differ  from  those  of  both  ani- 
mals.  A  considerable  portion  of  a  skeleton  in  the 
dollection  of  Colonel  Birch,  confirmed  him  in  his 
ideas  about  the  species  from  which  these  relics 
came.  In  order  to  complete  his  arrangement,  he 
added  some  bones  of  the  extremities  fowcvA.  ^o^w^ 
with  these  vertebra,  and  thus  Vie  waa  exv^\Jka^  \55 
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publish  the  characters  of  the  new  anunal  in  1821, 
in  a  memoir  conjointly  with  Mr,  Labeche^  inserted 
in  the  fifth  volume  of  the  Geological  Transactional 
The  head  meanwhile  was  wanting;   but  having 
continued  ^his  researches    in  concert   with  Mr. 
Labeche,  and  profiting  always  by  the  acquisitidps 
of  Colonel  Birch,  in  the  following  year  Mr.  Conj^ 
beare  found  himself  qualified  to  describe  a  tolerably 
entire  head,  though  slightly  crushed,  and  a  large 
tinder  jaw  bone  which  he  was  inclined  to  refer  to 
that  species.    To  this  he  annexed  figures  of  sevecal 
bon^  (Geol.  Trans.  Vol.  I.  second  series).     In  the 
same  year  (1824)  in  the  month   of  January,  an 
almost  entire  skeleton  found  at  Lyme  Regis,  came 
forward  to  confirm  or  rectify  his  conjectures  on  the 
parts  he  had  previously  examined.     But  he   now 
learned  an  entirely  new  peculiarity,  which  could 
not  have  been  anticipated, — that  the  neck  of  this 
animal  was  of  a  most  disproportionate  length,  and 
composed  of  many  more  vertebrae  than  are  seen  in 
the  longest  necked  birds,  even  in  the  swan,  which 
surpasses  in  this  respect  every  other  animal.     This 
astonishing  relic  was  purcliased  by  the  Duke  of 
Buckingham,   and  placed  at  the  disposal   of  the 
Geological  Society.     This  inhabitant  of  the  ancient 
world  appears  the  most  heteroclite,  or  equivocal ; 
— the  one  above  all  others  deserving  the  name  of 
saonster.     The  name  FlesiosauruSy  assigned  by  Mr. 
Conybearet   signifies  akin   to  lizards,   because  he 
fl^lMWived  Jt  to  be  liker  the  animals  of  this  genus 

itbyosaurus. 
lenee  <)f  these  memoirs  of  Mr.  Cony-^ 
lyier  examined  anew  ^evei^  \^t>L^m 
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and  some  other  bones  from  Honfleur,  to  which  he 
had  previously  directed  his  attention,  and  he  was 
convipced  that  they  were  relics  of  the  plesiosaurus. 
Hence  it  is  not  to  be  doubted  that  this  animal  is 
found  also  in  the  beds  on  the  French  side  of  the 
Channel,  and  that  it  is  there  accompanied  as  in 
England  by  the  ichthyosaurus  and  crocodiles  of 
different  kinds.  He  has  also  procured  some  from 
die  interior  of  France,  from  the  neighbourhood  of 
Auxonne,  department  of  the  Cote  d'On  Several 
likewise  exist  in  England  at  a  distance  from  Lyme, 
for  M.  Brogniart  obtained  fragments  at  Newcastle 
on  the  Tyne. 

The  superb  relic  of  Lyme  is  composed  of  several 
blocks  wliich  fit  well  to  one  another.  The  animal 
is  lying  on  its  belly,  and  its  length,  in  the  state  in 
which  we  see  it,  is  9  feet  6  inches,  from  the  tip  of 
the  muzzle  to  the  end  of  the  tail.  The  head  is  a 
little  advanced  before  tlie  rest  with  six  vertebrae 
attached  to  it  in  a  continuous  series ;  next  come 
four  vertebrae  a  little  displaced  ;  but  the  series  is 
again  resumed,  and  presents  18  vertebrae  in  their 
natural  order.  After  this,  12  are  seen  more  or  less 
deranged,  some  of  which  may  possibly  belong  to  the 
back.  The  six  following  are  nearly  in  their  places, 
concealing  the  humero-stemal  apparatus  imder 
them  ;  next  are  two  crosswise,  and  afterwards  three 
thrown  considerably  from  their  natural  position. 
The  remainder  of  the  vertebrae  of  the  back,  to  the 
basin  (pelvis),  eleven  in  number,  are  well  arranged 
ki  the  series,  but  altogether  out  of  the  direction  of 
the  spine,  and  thrown  to  the  left  side,  penmttiw% 
the  arrangement  of  the  abdominal  nb^  lo\i^  's.^^^w* 
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The  bacdn,  also,  is  in  a  great  measure  exposed  to 
view.  Behind  the  basin,  twenty-five  vertebrae  may 
be  counted  forming  the  tail,  all  nearly  in  a  line» 
except  the  sixth  and  the  seventh,  and  still  furnished 
in  a  great  measure  with  their  little  bones  en  chevron. 
There  are  pretty  entire  relics  of  the  four  limbs ;  the 
anterior  one  of  the  right  side,  and  the  posterior  of 
the  left  side,  are  as  complete  as  could  be  desired 
for  description.  Those  vertebrae  which  originally 
led  to  the  recognition  of  the  plesiosaurus,  are  easily 
distinguished  by  two  small  oval  fossets  (dimples) 
which  they  all  have  at  their  lower  face,  and  by  tlie 
surface  of  their  body  slightly,  if  at  all  concave, 
while  the  middle  part  is  even  a  little  convex. 

The  forms  of  the  vertebrae  of 
the  plesiosaurus,  however  peculiar 
they  may  be,  and  notwithstanding 
the  length  of  their  axis,  unques- 
tionably resemble  those  of  croco- 
diles, and  especially  certain  fossil 
crocodiles,  such  as  that  of  Caen 
and  the  second  of  Honfleur,  much 
more  than  they  do  those  of  the 
ichthyosaurus,  or  even  lizards. 
Mr.  Conybeare  was  therefore 
right  in  considering  the  plesio- 
saurus as  approaching  in  several 
respects  to  crocodiles,  at  the  same 
time,  that  by  its  limbs  it  was  nearly 
akin  to  the  ichthyosaurus, 
vertebra  Of  the  m-ioMuru..  As  to  the  uumbcr  of  vcrtcbrae, 
25SS£S2JruS^lUV'S.i!l!Mr.   Conybeare    had    calculated 

rut.    It  is  eoacAve  at  both  ex-  -  ,      -,  .  -  , 

tremitieB  of  its  body.  ftom  Qis  tiTst  ie^eaiev\^%^  \Jftal  \X\ete 
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might  be  in  the  neck  and  back  altogether  46, 
which  far  exceeds  that  of  all  the  saurians  known  ; 
even  the  ichthyosaurus.  The  skeleton  of  Lyme, 
however,  exhibits  obviously  in  their  place,  thirty- 
five  cervical  vertebrte,  bearing  only  little  ribs 
jointed  by  two  tubercles,  and  terminated  in  the 
form  of  a  hatchet,  somewhat  like  the  small  ribs  of 
the  crocodile ;  then  appear  six  whose  little  ribs 
are  elongatetl,  assuming  by  degrees  the  form  of 
dorsal  ribs.  The  vertebrae  of  the  back  and  the 
loins  are  somewhat  in  disorder,  so  (hat  one  cannot 
say  precisely  whether  their  number  be  complete. 
Twenty-one  have  been  counted.  There  are  after- 
wards twenty-three  caudal  vertebree  (of  the  tail), 
and  three  seem  wanting  at  the  end,  which  would 
raise  their  number  to  twenty-six.  Thug,  there  are 
88  vertebrae,  to  which  Mr.  Conybeare  adds  two 
sacral  vertebrae,  making  90  in  whole.  At  the 
beginning  of  this  series  of  vertebras,  there  is  in  the 
skeleton  a  head  so  small,  that  taking  it  for  unity, 
the  neck  has  five  times  its  length,  the  trunk  four 
times,  and  the  tail  three.  Hence  the  head  would 
constitute  only  a  thirteenth  of  the  whole  length. 

It  is  therefore  quite  certain  that  the  plesiosaurus 
in  the  living  state  must  have  presented  a  true  ser- 
pent neck,  home  on  a  trunk  whose  proportions 
differed  little  from  those  of  an  ordinary  quadruped. 
The  tail  especially  by  its  shortness,  could  scarcely 
remind  one  of  a  reptile,  and  hence  this  animal  must 
have  displayed  a  form  so  much  the  more  singular, 
as  its  extremities  like  those  of  the  ichthyosaurus, 
were  genuine  fins  similar  to  those  of  cetaceovis 
Bahes. 
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The  head  of  this  animil  is  the  part  least  imdar^ 
stood*  but  still  it  is  evidently  a  lizard's  head,  witb 
some  characters  of  the  crocodile  and  the  ichthyo- 
sauniB.  It  ^tpears  that  in  these  two  extinct  genen 
of  :reptiles,  as  in  the  cetacea,  the  nostrils  were  not 
near  the  tip  of  the  muzzle,  but  immediately  bdow 
the  anterior  edge  of  the  orbit,  where  a  small  baii 
and  a  groove  leading  to  it  may  be  perraived.  .  Tbio 
teeth  of  the  plesios»uni8  are  slender,  pointed,  a  Utde 
curved,  and  longUueUnalh/  channeled.  They  an 
unequal.  Twenty-seven  sockets  are  to  be  observed 
on  each  side  of  the  lower  jaw.  Teeth  have  been 
found  much  larger  than  those  which  belong  to  the 
Lyme  skeleton  ;  M.  Cuvier  refers  these  to  an  ani- 
mal at  least  SO  feet  long. 

Of  the  plesiosaurus,  as  of  the  ichthyosaurus,  there 
are  several  species.  That  of  Lyme  has  been  called 
by  Mr.  Conybeare  PL  D(dichodeinis  or  long- 
necked  ;  and  tliat  whose  vertebrs  come  from  Kim- 
meridge,  PI.  recentior  (more  modem).  But  other 
species  seem  to  exist. 

From  the  splendid  specimen  of  bones  found  at 
Lyme,  we  have  seen  tbat  the  head  of  the  plesiosaurus 
was  remarkably  small,  forming  less  than  the  thir- 
teenth part  of  the  total  length  of  the  skeleton :  where- 
as in  the  ichthyosaurus,  it  is  one-fourth.  This  small- 
ness  of  head  and  teeth,  must  have  rendered  it  hardly 
a  match  for  the  ichthyosaurus ;  unless  the  long 
flexible  neck  made  a  compensation  in  activity,  for 
defect  of  force.  In  its  motion,  this  animal  must 
have  resembled  tlie  turtle  more  tlian  any  other ;  as 
also  somewhat  in  figure,  were  the  turtle  divested  of 
its  shelly  case.     That  it  was  aquaV\c  »  CNVAtwt  from 
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,  the  form  of  its  paddles ;  that  its  element  was  the 
sea,  may  be  equally  inferred  from  the  remains  with 
which  it  is  universally  associated}  and  that  it  may 
have  occasionally  visited  the  shore,  the  resemblance 
of  its  extremities  to  those  of  the  turtle  may  lead  us 
to  conjecture.  Its  motion  on  land,  however,  must 
have  been  very  awkward.  Its  long  neck  would  im- 
pede its  progress  through  water  j  presenting  a  strik- 
ing contrast  to  the  swimming  organization,  which 
fitted  the  ichthyosaurus  to  cleave  the  waves.  May 
it  not  therefore  be  concluded,  says  the  Rev.  Mr. 
Conybeare,  since  its  respiration  required  frequent 
access  of  air,  that  it  swam  upon  or  near  the  surface, 
arching  back  its  long  neck  like  the  swan,  and 
occasionally  darting  it  down  at  the  fish  which  hap- 
pened to  float  within  its  reach  ?  It  may  perhaps 
have  lurked  in  shoal  water  along  the  coast,  con- 
cealed among  the  sea-weed,  and  raising  its  nostrils, 
like  the  alligator,  to  a  level  with  the  surface,  may 
have  found  a  secure  retreat  from  the  assaults  of 
powerftii  land  enemies.  By  the  suddenness  and 
agility  of  its  attack,  it  might  easily  make  a  prey  of 
all  the  feebler  animals  which  came  within  the  sweep 
of  its  neck. 

In  the  first  part  of  the  Philosophical  Transactions 
for  1825,  there  is  a  most  interesting  communication 
by  Gideon  Mantell,  Esq.  on  the  teeth  and  bones  of 
a  fossil  herbivorous  reptile  found  in  the  sandstone 
of  Tilgate  forest,  a  part  of  the  iron-sand  formation, 
which  forms  in  Sussex  a  chain  of  hills  that  stretches 
through  the  county  in  a  W.N.W.  direction,  from 
Hastings  to  Horsham  ;  whence  it  has  becw  le.cKO.Ni.-^ 
called  the  Hastings-sand   formatitffi.     ^tv  nmvwa 
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parts  of  its  course^  but  more  particularij  in  the 
country  around  lllgate  and  St  Leonard's  fiwesti^ . 
the  saudstone  contains  the  renuina  of  saurian  ani- 
msls,  turtles,  birds,  fishes,  iJiells,  and  v^etabtes* 
Of  the  saurians,  three  if  not  four  spedes  belonging 
to  as  many  geoera  are  known  to  occur ;  viz.  the 
crocodile,  megdosaunis,  plesiosaurus,  and  the  igu- ' 
anodon,  the  animal  whose  teeth  form  the  sut^ect  oS 
Mr.  Mantell's  paper. 

The  teeth  of  the  crocodile,  megalosaurus,  and 
plesiosaurus,  difier  so  materially  fiom  each  otheiv 
and  irom  those  of  the  other  lacertce,  as  to  be  iden- 
tified without  difficulty ;  but  in  the  summer  of  182J8, 
others  were  discovered  in  the  same  strata,  which 
although  evidently  relerable  to  some  herbivorous 
reptile,  possessed  characters  so  remarkable,  that  the 
most  superficial  observer  would  have  been  struck 
with  their  appearance,  as  indicating  something  novel 
and  interesting. 

Mr.  Mantell  compared  these  singular  teeth  witJi 

f  those  of  the  recent  lacertte  in  the 
Museum  of  the  Royal  College  of 
Surgeons.  The  result  of  this  ex- 
amination proved  highly  satisfac- 
tory, for  in  an  iguana,  teeth  were 
discovered  possessing  the  form  and 
structure  of  the  fossil  specimens. 
The  tooth  figured  in  the  mar^n 
represents  the  outer  surface  of  one 
of  the  largest  and  most  perfect 
specimens  of  the  teeth  of  tlie  igita- 
nodon.  Here  we  see,  the  surface 
of  the  tooth  worn   down   ob\ic^e\';j  \i^  Yaa&^car 
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tion ;  its  serrated  edges ;  the  fang  broken,  and 
the  hollow  filled  with  sandstone;  and  the  cavity  or 
depression  in  the  base  of  the  fang,  the  effect  ,of 
absorption  caused  by  the  pressure  of  a  secondary 
tooth.     The  %ure  is  of  full  size. 

Like  the  teeth  of  the  recent  iguana,  the  crown 
of  this  tooth  is  acuminated  ;  the  edges  are  strongly 
serrated  or  dentated ;  the  outer  surface  is  ridged, 
and  the  inner  smooth  and  convex.  The  teeth 
appear  to  have  been  hollow  in  the  young  animals, 
and  to  have  become  solid  in  the  adult. 

If  any  inference  may  be  drawn  from  the  nature 
of  the  fossils,  with  which  the  remains  of  the  igua- 
nodon  are  associated,  we  may  conclude  that  if 
amphibious,  it  was  not  of  marine  origin,  but  inha- 
bited rivers  or  fresh-water  lakes*  If  the  fossil  and 
recent  animal  bore  the  same  relative  magnitudes,  as 
their  teeth,  the  one  figured  above  must  have 
belonged  to  an  individual  upwards  of  60  feet  long ; 
a  conclusion  concerning  the  iguanodon  in  perfect 
accordance  with  that  deduced  by  Professor  Buck- 
land  from  a  femur  (thigh  bone)  and  other  bones  in 
Mr.  MantelPs  possession.  Some  further  remarks 
on  this  great  reptile  will  be  found  in  Book  III. 
Chap.  iii.  section  2. 

From  Mr.  Mantell's  researches  there  is  every 
reason  to  believe  that  the  iguanodon  had  a  very 
remarkable  appendage  to  its  head,  a  horn,  equal  in 
size  to  the  lesser  horn  of  the  rhinoceros,  and  not 
very  different  in  form.  The  relic  which  he  found 
of  this  appendage,  is  externally  of  a  dark  brown 
colour ;  some  parts  of  the  surface  \>eflv%  ^\!w»^^ 
while  others  are  rough  and  furiovied,  ^fi^'^^i  Vj  "OcNfe 
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passage  of  blood  vesiels.  It  -poMesaes  aa  oaseotli 
stnictufe  without  internal  cavity ;  but  does  not 
'seem  to  have  been  united  to  the  skull  by  a  bony 
union,  as  the  horns  of  the  mammalia  are.  Among 
living  iguanas,  the  horned  species  are  most  abundant. 
The  iguana  comulOj  a  native  of  St.  Domingo^ 
resembles  tlie  common-  iguana  in  size,  colour,  and 
general  proportions.  On  the  front  of  the  head* 
between  the  eyes  and  nostrils,  are  seated  four  rather 
laige»  scaly  tubercles  -,  behind  which  rises  an  osseous 
conical  horn  or  process  covered  by  a  single  scale. 
That  the  fossil  horn  of  Mr.  Maotell  was  such  an 
appendage,  there  can  be  no  doubt.  Its  surface 
bears  marks  of  the  impression  of  an  integument  by 
which  it  was  covered,  and  probably  attached  to  the 
skull. — See  Mantell's  Geology  of  Sussex. 

We  cannot  help  admitting  for  the  future,  among 
our  best  established  truths,  that  vast  multitudes  of 
reptiles  of  marvellous  magnitude  and  variety  inha- 
bited the  seas,  or  covered  the  surface  of  the  globe 
at  the  ancient  epoch,  in  which  were  deposited  the 
strata  commonly  denoted  in  France  by  the  too 
indefinite  term  of  Jura  formation  ;  living  in  a  wide 
waste  of  waters  and  marshes,  where  they  died  and 
were  buried  aloof  from  mammiferous  animals. 
Time  will  possibly  complete  our  knowledge  of  many 
beings,  whose  ancient  existence  is  inferred  from  a 
few  bony  relics ;  and  from  the  ardour  with  which 
these  researches  are  now  cultivated  on  every  side, 
that  time  is  probably  not  far  distant.  "  I  doubt 
not,"  says  M.  Cuvier,  *'  that  in  proportion  as  the 
discoveries  already  made  become  more  perfect,  new 
discoveries  wili  be  multiplied,  atv4  "m  a.  fe^  ^«as* 
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perhaps^  I  may  have  to  acknowledge  that  the  work 
just  now  finished,  to  which  I  have  devoted  so  much 
labour,  may  appear  but  a  superficial  sketch,  an 
opening  glimpse,  of  the  immense  creations  of  the 
primeval  world/**  This  modest  conclusion  of  the 
illustrious  naturalist  of  France  is  almost  the  only 
one  of  his,  from  which  the  learned  world  will  withhold 
their  assent.  In  zoological  and  anatomical  know- 
ledge, in  acuteness  of  discrimination,  sagacity  of 
comparison,  soundness  of  inference,  and  above  all, 
in  general  enlargement  of  thought,  his  talents  and 
genius  have  secured  to  the  Ossemens  FossileSj  a 
noble  and  enduring  station  among  the  ti'ophies  of 
science. 

S  V.  INFERIOR  MEMBERS  OF  THE  THIRD  OR  LOWER 

SYSTEM  OF  OOLITES. 

The  neighbourhood  of  Bath  affords  the  best  type 
of  the  arrangement  of  this  part  of  the  mineral  series. 
In  this  district  the  separate  beds  appear  most 
strongly  characterised,  and  most  distinctly  divided. 
We  shall  study  them,  as  usual,  in  their  ascending 
order ;  beginning  with  the  lowest. 

The  following  section  of  Down  Cliff  between  Seaton  and  Thorn- 
combe  two  miles  west  of  Bridport  harboor,  will  give  an  idea  of 
this  bed,  from  above  downwards. 

Ftet 

1.  Inferior  oolite  and  sand  alternating,  the  sand  at  the 
surface  passing  into  marl,  about  ...         80 

2.  Sand7  marl,  50 

8.  Rusty  sand  with  ferro-argillaceons  concretions,  whose 

cavities  are  filled  with  sand,         ....         50 
4.  Greenish-blue  micaceous  sandy  marl,  containing 

indurated  concretions  of  similar  constituUorL)  .        ^^ 

•  CiiFicr—  QMemena  Fossiles.    Tome  N .  P«rtafc  W  ^.  ^K^- 
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lliiB  Btratum  pawea  into  the  lias  mail  (^tlkeuilo> 
rior  strata.  Immediately  on  the  east  of  Burton  eUff 
(about  3  miles  east  of  Bridport  haibourX  the  &llet*a 
earth  may  be  seen  resting  on  the  preceding  beds. 

This  lower  system  of  oolites  is  gennally  cohered 
by  a'thick  bed  or  series  of  beds  of  calcareo-argilla* 
ceous  formaticm.  These  usually  carry  one  or  more 
indurated  rodr^  stzata,  besides  frequent  courses  of 
a  ioA  nibbly  stone,  in  which  the  calcareous  matter 
predominates.  Here  is  found  the  fuller's  eaxHtf 
sometimes,  as  in  the  neighbourhood  of  Bath»  in 
seams  8  feet  thick.  The  inferior  oolite  is  distin- 
guishable from  the  great  oolite  by  the  larger  pro* 
portion  of  brown  oxide  of  iron  disseminated  through 
its  mass.  This  sometimes  occurs  in  minute  globu- 
lar particles,  occupying  the  same  situation  with  the 
egg-shaped  particles  of  the  superior  oolite.  The' 
iron  gives  a  brownish  tinge,  passing  into  blue  or 
gray.  The  texture  is  mostly  too  coarse  for  any 
other  purpose  than  making  roads ;  being  rarely 
fine  enough  for  architectural  uses.  It  may  be  well 
distinguished  by  its  fossils. 

In  the  midland  counties,  calcareous  matter  is  less 
abundant  in  these  beds.  A  ferru^nous  sand  or 
sandstone,  containing  a  very  small  proportion  of 
lime,  predominates.  In  Oxfordshire  the  series 
below  the  fuller's  earth,  appears  to  be ;  1.  Sand 
and  sandstone  with  a  slight  calcareous  mixture,' 
highly  ferruginous,  and  frequently  so  micaceous, 
as  to  exhibit  large  scales  of  mica.  Few  fossils, 
except  some  belemnites,  occur ;  but  towards  the 
bottom,  white  pearly  sl^eUs  of  numerous  plicated 
ferebratuJa?,  are  scattered  t\uco\ig\vtWAa'cW  poutv^. 
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Ammonites,  belemnites,  and  gigantic  limas  are 
also  to  be  seen.  The  whole  of  this  sandstone  series 
is  generally  separated  from  the  great  oolite  by  a 
thick  clay,  equivalent  to  that  of  the  fuHer's  earth. 

2.  Marl  and  marl  sandstone  corresponding  to 
No.  4  of  the  Down  cliflF  section,  given  above.  This 
marl  is  sandy,  gritty,  micaceous,  and  of  a  green 
colour,  from  a  copious  admixture  of  slightly  oxidised 
iron.  Its  calcareo-siUceous  grit  contains  casts  of 
several  shells,  but  their  substance  is  commonly 
gone.  The  terebratulae  of  the  lower  beds  are  want- 
ing. These  beds  are  occasionally  quarried  for  flag- 
stones or  cisterns. 

Thus  the  lowest  beds  of  this  series  consist  gener- 
ally of  a  green  sandy  marl,  containing  similar  concre- 
tions and  rock  masses.  They  form  a  gradual  transi- 
tion into  the  has  marls. 

The  organic  remains  of  vertebral  animals  a^e  very 
rare  in  all  these  beds.  Fragments  of  the  claws  of 
marine  Crustacea  occur  in  the  inferior  oolite  at 
Dundry,  and  in  the  marly  sandstone  in  the  north  of 
Oxfordshire.  In  the  inferior  oolite,  among  the 
testaceous  remains,  are  abundant  casts  of  ribbed  and 
studded  Trigoniae ;  immediately  over  which  is  a 
hard  and  compact  coral  bed,  containing  large  speci- 
mens  of  Madrepora  cinerescens.  In  the  superior 
bed,  the  fossils  are  very  numerous  indeed. 

CHAMBERED  UNIVALVES. 

FuBer^g  earth.  Inferior  oolite.  Marly  eandstone. 

Ammonites.  A.  diaciis  and  otber  18     A.  3  species. 

Modiolaris.  species. 

NuaUItea.  N.  3  species.  ^^\x>Ii\x)a« 


BeleniniteM. 

If.  various  forms. 

Ikleniiiites,  vaiious, 

Trocbus  (casts). 

T.  about  20  Bpccies. 
Serpula  triqnetra. 

T.  ? 

E<imVALVED  BIVALVES. 

PiJkr;ianh. 

/■/m'or  DiJife, 

IVi^iU  clivellftU. 

Trigonia  4  Hp. 
Cucul1<ea. 

Cardiuin  2  Bp. 

Nutula. 
Cardita  4  sp. 

Cardita  2  sp. 

Lutniria  gibbiwa. 

Lutmriii  3  sp. 
AstarU:  4  sp. 

Luiiar.  gibb. 

Unio. 

UDio  Liflteri. 
Mya  2  sp. 

Mytilos. 

-    % 

Modiola  anatina. 

Modiola  plicRta. 
M.  Cuneata. 

DODHI. 

PimiB. 

M.  Cun. 

Terebratula  (not  pli 

Terehratnla(nolpK 

CBted). 

catod), 

cted). 

2  varieties. 

7  varieties. 
Terebnit.  pUoat. 

3  varicdes. 

.Ter.  plic.  3  i-ar. 

3  varieties. 

T.  p.  3  var. 

Ostrea  3  s|». 

Ostrea  5  sp. 

Ostr.  seveivl. 

Fecten  1  ap. 

Pecten  4  ap. 

Feet,  several. 

Lima  2  ep. 

Limal. 

Avicula  1  sp. 

Perna  1  sp. 

Plagiostoma  punctata 
and  'i.  otlicr  ap. 

.      EXTENT  OF  THIS  OOLITE  FORMATIOK. 

'  In  these  beds,  several 
apeciesof  Echinus  occur; 
and  of  the  Enctinital  fa- 
mily, the  Pentacrinites 
caput  medus,  and  Pen- 
tacrinites of  Miller  are 
found.  Among  the  co- 
ralloid  order,  we  have 
several  species  of  the  As- 
trea,  a  Caryophyllia,  a 
Fungia,  a  CycloUtes,  and 
a  Cellepora.  Traces  of 
Alcjonia  may  also  be 
observed. 

'p  '  '■  Caryophyllii. 

The  range  and  extent  of  these  beds  arfc  very  con- 
siderable, as  they  stretch  diagonally  across  the 
■  island  from  north-east  to  south-west  They  con- 
stitute the  sandy  district  of  the  eastern  moorlands 
in  Yorkshire.  Their  ferruginous  freestones  are  dis- 
played on  the  borders  of  Lincolnshire  and  Leices- 
tershire, in  the  hills  above  Grantham  and  the  vale 
of  Belvoir.  They  occupy  all  the  western  half  of 
Rutland.  For  most  ample  and  satisfactory  details, 
see  Contfheare's  and  Phillip's  Geology  of  England, 
245  et  seq. 

-This  formation  occupies  considerable  heights. 
Roseberry  Topping  is  1022  feet  high,  Arbury  hill 
804,  Epweil  hill  Oxfordshire  836,  Dundry  hill 
Somersetshire  70Q ;  all  consisting  of  the  inferior 
oolites. 

The  average  thickness  of  these  bed*  Vs  sJoouV^KSi 
ieet     The  inclination  of  the  strata.  \s  cot&nttals^s. 
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to  the  secondary  formatioiis  of  these  districts^  dip- 
ping to  the  south-east  under  an  almost  iniqipreciidiie 
angle.  The  fiuilts  of  the  subjacent  strata,  have^  m 
general,  not  affected  this,  showing  it  to  be  of  poi» 
terior  formation ;  but  near  the  village  of  F^ton^  in 
Somersetshire^  a  fiudt  which  traverses  the  subjacent 
coUi^  has  thrown  down  the  stratum  of  the  inferior 
ooHte  90  fiitfaoms  to  the  north,  bringing  it  to  the 
level  of  the  .lias.  (See  the  figure  under  Coal-mea- 
sures, p.  1590  Similar  cases  occur,  where  the  in* 
ferior  oolite  sands  are  thus  made  to  abut  abniptlj 
against  the  lias  and  subjacent  new  red  sandstone. 
In  the  immediate  vicinity  of  Batli,  there  are  nu- 
merous instances  of  dislocations  of  the  strata.  Not 
merely  the  bastard  free-stone,  but  all  the  sti  ata  being 
disrupted  to  a  great  extent,  have  fallen  down  to- 
wards the  subjacent  vallies,  and  afler  reiterated 
fractures  forming  steps,  iiave  sent  down  enormous 
blocks  which  are  either  piled  up  in  heaps,  or  scat- 
tered on  the  declivities. 

The  sands  below  the  inferior  oolite  afford  very 
fertile  soils.  The  red  district  of  Oxfordshire  has 
been  considered  as  the  glory  of  the  county,  by  the 
author  of  its  agricultural  report. 

The  upper  member  of  this  series  (the  fuller's 
earth  clay)  throws  out  the  waters  copiously,  which 
have  percolated  through  the  great  oolite.  Those 
of  the  inferior  oolites  and  sands  are  thrown  out  by 
the  subjacent  marls.  Hence  this  series  affords  two 
lines  of  springs,  one  near  its  superior,  and  one  near 
its  inferior  plane. 


SECTION  OF  ITS  UPPER  BEDS  NEAR  BATH.     ^3 

$  VI.  UPPER  BEDS  OF  THE  LOWER  OOLITE, 

the  ntbdivinoms^  Comhrath,  Stoneifidd  date,  Forut  mar^,  and 

OreaioolUe. 

The  chain  of  hills  constituting  this  oolitic  system, 
when  viewed  generally,  will  be  found^to  consist  of 
one  great  ooUtic  mass,  resting  upon  the  beds  of 
calcareo-siliceous  sand,  already  described.  The 
upper  part  of  this  great  oolitic  mass,  however,  pre- 
sents strata  of  a  character  sufficiently  distinct  from 
the  main  body  of  the  ooUte  to  entitle  them  to  a 
separate  consideration.  Instead  of  rising  in  thick 
masses,  they  are  generally  either  fissile  or  rubbly ; 
are  much  mingled  with  clay,  forming  as  it  were  a 
link  between  the  principal  deposit  of  purely  oolitic 
beds,  and  the  succeeding  argillaceous  beds.  Instead 
of  the  yellowish  tinge  of  the  oolite,  they  have  very 
generally  a  blue  colour,  or  in  some  beds  a  pasty 
appearance,  and  a  dull  chalky  white.  A  general 
notion  of  the  stratification  of  this  district  will  be 
obtained  from  the  following  section,  as  taken  down- 
wards in  the  neighbourhood  of  Bath,  at  Tellisford 
and  Farley  Castle. 

Feet. 
1.  Lower  part  of  the  Oxford  or  clunch  clay  full  of  selenite* 

S.  Combrash S  to  16 

8.  Clay  S  to  14 

4w  Calcareo-siliceous  sand  and  gritstone     .        .        .        •       10 
But  sometimes  swelling  to 40 

5.  Forest  marble IS 

6.  Sand  beneath  the  Forest  marble  ....         2 

But  sometimes  acquiring  great  thickness. 

7.  Clay  from  40  to  60 

Sometimes  thinning  to    ..••••       ^ 
S.  Great  oolite  ........      130 

No.  1,  is  the  bottom  of  the  superior  clay  beds»  to  \»  VvwfaSiKx  «^- 
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colour,  etpeeially  mar  the  rapaiiiciiiiibeiit  daji  bat  brown  andl'iMli^j 
on  the'outfide.  The  upper  beds  of  the  third  oolitic  ajntem  of  Qdbnt 
shire,  which  ere  with  probability  referred  to  this  rodc»  are  olUn  «f  a 
dialky  appeuraoce.  In  Wiltshire  it  is  called  combrash;  or  comgrit  |  Ae 
latter  is  an  ibproper  name^  because  it  is  not  a  grit,  but  mbbly  k  Ait 
locslity.  At  Malmeshuiy  it  becomes  thick  and  solid,  and  is  iiifisiilw|| 
quaiTied  for  buflding. 

No.  8,  The  day  beneath  m  generally  white  near  its  junctioo  wiA  the 
comtosh,  and  afterwards  Uue* 

Nos.  4^  5,  and  6,  sre  intimately  assodated,  forming  an  snsfmhlifii  of 
beds  6f  fimes&ne  generally  fissile,  and  divided  by  aigillaoeous  [rtilh^ 
lying  between  two  strata  (^calcareo-siliceous  sand  and  gritstone.  Jhm6 
ssndy  stnta  usually  contain  about  one-thhrd  of  calcareous  matter.  IW 
gritstone  in  them  is  hard  enough  to  scratch  glass,  and  forms  h 
slate-like  concretions.  The  limestone  interposed  between  these 
is  known  by  the  name  of  Forest  marble.  Its  layers  are  in  genend  dun 
and  slaty ;  but  occasionally  thickening  to  2  or  3  feet.  The  colour  of 
the  stone  is  usually  gray  or  bluish  within,  brownish  on  the  outside^ 
apparently  composed  of  a  congeries  of  dark  coloured  shells,  interspersed 
with  white  oolitic  particles.  Bivalve  shells  are  most  common  in  the 
thick  beds,  and  univalve  in  the  thin.  The  stone  is  coarse-grained,  but 
fissile,  afibrding  coarse  roofing  slates  and  flagstones.  The  more  scdid 
beds  take  a  polish,  and  form  a  coarse  variegated  marble ;  whence^  and 
from  its  occurrence  in  Whichwood  forest,  Oxfordshire,  it  has  derived  its 
name  of  Forest  marble. 

The  partings  of  clay  between  the  beds  of  this  rock  vary  in  thickneai^ 
from  less  than  an  inch  to  upwards  of  a  foot.  There  is  little  doubt  that 
the  calcareous  slate  of  Stonesfield  near  Woodstock,  Oxfordshire,  so 
famous  for  the  astonishing  variety  of  its  organic  remains,  among  whidi 
the  exuviae  of  birds,  land  animals,  and  amphibia,  are  seen  mingled  with 
vegetables  and  sea-shells,  belongs  to  the  same  stage  of  the  series  of 
superposition  with  the  Forest  marbie.  The  assemblage  of  beds  woiked 
here,  consists  of  two  fissile  beds  of  a  buff  coloured  or  oolitic  limestone^ 
each  about  2  feet  thick,  separated  by  a  bed  of  loose  calcareo-siliceous 
sandstone  of  similar  thickness. 

No.  7,  Clatf  over  the  oolUe,  or  Bradford  clay,  is  a  blue  mariy  ckgr, 
which,  at  the  point  of  its  contact  with  the  great  oolite,  is  stuffed  fiill  of 
the  singular  organic  congeries  to  be  presently  described.  It  is  some- 
times absent,  and  it  is  then  impossible  to  discriminate  between  the 
upper  beds  of  the  great  oolite,  and  the  Forest  marble. 

No.  8.  Great  oolite.  This,  both  in  thickness  and 
utility,  is  by  far  the  most  ircv^oxtaivV  o?  V\v^  Btvtisb 
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oolites.  It  consists  of  a  stratified  calcareous  mass, 
varying  in  thickness  from  ISO  to  more  than  200 
feet ;  softer  and  harder  beds  alternate  in  this  strati- 
form mass,  the  former  exhibiting  those  distinct 
oviform  concretions  which  give  name  and  character 
to  this  class  of  rocks  ;  the  latter  possessing  fewer 
of  them.  The  soft  beds  constitute  an  excellent 
freestone.  The  Kettering  freestone  of  Northamp- 
tonshire, for  example,  is  rendered  extremely  beauti- 
ful by  the  distinctness  of  its  ooUtic  structure ;  that 
of  Bath  has  generally  a  finer  grain,  and  it  has 
accordingly  been  employed  in  the  late  repairs  of 
Henry  the  Seventh's  Chapel  at  Westminster.  St. 
Paul's  cathedral  was  built  principally  from  the 
quarries  about  a  mile  north  of  Burford  in  Oxford- 
shire. Fragments  of  comminuted  shells  may  be 
observed  in  all  the  varieties,  mingled  with  the  oval 
particles,  but  so  completely  broken  down  that  it  is 
generally  impossible  to  ascertain  their  species ;  hence 
arises  our  imperfect  knowledge  of  the  fossils  of  this 
formation.  The  colour  of  the  freestone  beds  is  gene- 
rally white  with  a  light  cast  of  yellow.  Of  the  other 
beds,  some  are  gray  in  the  middle,  and  some  almost 
blue.  Occasionally  strata  of  a  brown  ferruginous 
tinge  are  interposed,  especially  at  the  bottom  of  the 
series  near  its  junction  with  the  fuller's  earth.  The 
upper  beds,  in  wliich  the  shells  become  more  dis- 
tinct, afford  indifferent  freestones,  and  cannot  be 
easily  distinguished  from  the  forest  marble.  Many 
beds  exhibit  a  laminated  cleavage,  not  parallel  to 
the  greater  lines  of  stratification,  for  which  they 
have,  sometimes  been  mistaken ;  and  have  thus 
given  rise  to  accounts  of  highly  iTVc\meA.\iedk&  \i5iVfc\- 
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iiatiiig  witli  liorizontal  ones  in  tliis  rock.  Many 
'  such  appearances  may  be  seen  in  the  quarries  near 
Badmington  Park,  the  duke  of  Beaufort's  seat  in 
Gloucestershire.  The  limestone  of  these  beds  is 
a  tolerably  pure  calcareous  parbonste. 

The  mneral  contents  of  this  o<^te  an  exoeeA- 
ingly  Besw. 

Organic  Remahu.-~-lf  these,  like  the  other  secon- 
dary rocks,  be  barren  in  mineralogy,  they  are  ridi 
and  varied  in  zoological  and  vegetable  fossils.  These 
occur  chiefly  in  the  upper  beds ;  the  great  central 
mass  of  oolite  afibrdtng  but  few  complete  spedmen^ 
though  full  of  comminuted  fragments. 

The  Combrash,  though,  a  tMn  rock,  has  not  its 
wganic  treasures  equally  or  promiscuously  dis> 
tributed ;  since  the  upper  beds  of  ston^  composing 
the  rock,  exhibit  fos^  materially  diflerent  irom. 
those  of  the  under  beds.  The  cluster  of  small 
oyster  shells  and  the  stems  ci 
t^^^j^^^  *^he  pentacrinus  lie  near  together, 
and  but  few  others  are  found 
I  near  the  bottom  of  the  rock. 
'  Here  also  are  found  various 
Madrepores,  of  which  one  is  fig- 

ured  on  the  margin. 

In  the  forest  marble,  loose 
and  entire  specimens  are  rare, 
and    separable    with    difficulty, 

t™M»«.-ti»To,«hM«dS«i.  posed  of  little  else  than  a  mass  of 
shells.  A  few,  however,  are  found  in  the  clay  seams 
between  the  stone ;  bones,  teeth,  and  wood  firmly 
imbedded  in  the  rock,  are  amoii^  \te  moat  charac- 
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teristic  indications.  Small  turbinated  shells  are 
frequent  If  the  calcareous  slate  of  Stonesfield  be 
correctly  referred  to  this  part  of  the  series,  (which 
is  rendered  still  more  probable  by  the  occurrence  of 
the  same  teeth  and  palates,  in  both  localities,)  we 
here  find  the  only  known  instance  in  which  the 
remains  of  birds  and  terrestrial  animals,  have  been 
found  in  beds  of  an  antiquity  prior  to  the  deluge,  at 
all  approaching  to  this.  There  they  are  mingled 
with  winged  insects,  amphibia,  sea  shells,  and  vege- 
tables, presenting  at  once  the  most  intei-esting 
and  difficult  of  problems  connected  with  the  dis- 
tribution  of  organic  remains.  The  clay  above  the 
great  oolite  contains  few  fossils  except  in  its  lowest 
bed,  and  in  immediate  contact  with  the  upper  sur- 
face of  the  subjacent  oolites.  In  this  hne,  it  abounds 
with  remains  of  the  pear  encnnus,  with  maoy  small 
coralloids,  and  several  peculiar  terebratula;. 

.  I  introduce  here, 
an  exact  representa* 
lion  of  the  Lily  En- 
crinite;  a  beautiful 
fos»l  distinguished 
by  each  of  its  arms, 
dividing  into  a  hand  ; 
formed  of  two  fin- 
gers, from  the  inside 
of  whicli  proceed 
jointed/eMtoc«/!a(feeI- 
ers) ;  the  whole  fold- 
~  ing  up  like  a  closed 
lily.  Mr.  Parkinson  has  some  inj^cnious  s^ccuVi- 
Hons  on  the  structure  and  motions  o?  \\us  t.ooi^a.'^Vi, 
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iUustrated  by  exquisite  engravings — See  Organic 
Ramins,  vol.  II.  p.  173. 

The  great  OoUle. — In  the  great  mass  of  this  rock, 
perfect  organic  remains  are  rare,  from  the  com- 
minution which  tliey  seem  to  have  undergone. 
Many  small  turbinated  shells,  hke  those  of  the 
forest-marble,  occur  here  in  the  stone,  and  a  bed 
containing  numerous  madrepores,  several  of  which 
appear  to  be  identical  with  those  of  the  coral  rag, 
forms  a  part  of  the  series.  Most  of  the  fossils  of 
the  subjacent  clay  are  common  to  tlie  upper  beds 
of  tlie  oolite, 

Vebtebral  Akimals.  Mammalia. — The  calca- 
reous slate  of  Stonesiield  presents  bones,  believed 
by  M.  Cuvier  to  belong  to  a  species  of  Didelphys, 
or  Opossum  tribe.  They  are  absolutely  imbedded 
in  the  slate,  along  with  various  marine  remains, 
and  could  not  have  been  subsequenly  introduced 
into  its  fissures.  We-  have  here  therefore  an  un- 
paralleled instance  of  the  occurrence  of  animals  of 
such  an  order,  in  strata  deposited  long  before  the 
superior  or  tertiary  rocks,  which  are  the  ordinaiy 
mineral  repositories  of  the  exuvice  of  the  quadra 
peda  buried  bo  long  before  the  flood. 

Oviparous  Quadrupeds.  Sauri. — A  well  charac- 
terised crocodile,  but  of  a  species  distinct  both  from 
all  those  now  known  alive,  as  also  from  the  extinct 
sauri  of  Germany,  and  from  one  at  least  of  the 
French  fossil  species,  has  been  dug  up  at  Gibraltar 
near  Oxford,  and  is  now  in  tlie ,  collection  of  that 
versity.  It  was  taken  from  a  bed  towards  the 
part  of  this  oolitic  system,  probably  the  Com- 
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An  immense  ammal,  the  megaloaaurus,  already 

described,  as  resembling  the  monitor,  occurs  at 
Stonesfield  in  the  calcareous  slate.     This  animal 
bears  a  considerable  resemblance  also  to  the  Lacerta 
gigantea  found  in  Bavaria  and  described  by  Soem- 
mering in  the  Munich  Transactions  of  1816.     A 
translation  of  his  memoir  is  published  in  the  Annals 
of  Philosophy  for  September  1821.     Ammonites 
were  found  in  the  vicinity  of  this  last  saurian  ani- 
mal, as  is  universally  the  case  in  all  the  known 
instances  of  fossil  crocodiles,  gavials,  and  lacerts. 
The  compressed  and  distorted  form  of  the  head 
and  the  marks  of  violence  apparent  in  many  places, 
ought  to  be  noticed,  since  they  indicate  some  great 
external  force  to  which  either  the  animal  itself  at 
its  death,  or  its  skeleton  must  have  been  subjected 
since  ;  appearances  common  also  to  the  crocodilus 
priscus.   What  a  power  of  pressure  must  have  been 
exerted  not  only  to  flatten  the  conical  head,  but' 
even  to  force  out  and  break  the  teeth,  as  has  hap- 
pened to  tlie  Bavarian  fossil  I     "  If  I  may  be  per- 
mitted  to  decide,"  says  M.  Soemmering,  "  from  my 
own   anatomical  and  pathological   knowledge,   I 
should  say  that  this  compression  of  the  head  was 
not  effected  during  the  dry,  friable,   and  brittle 
skeleton  state ;  since  in  such  a  case,  owing  to  the 
equal  force,  the  upper  jaw  would  have  been  broken 
in  another  direction ;  or  at  least  would  not  have 
been  so  perfect,  as  it  is  now  on  the  lefl  side.     The 
injury  appears  to  have  been  rather  inflicted  on  the 
Uving  animal  when  the  periosteum  and  top  of  the 
head  could  hold  together  the  ftagmeote  cS.  '^«. 
bones,   notwithstanding   theVr   ctVx^ei  tcfaSalossa- 
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Hence  it  appears  to  me  a  subject  well  worthy 
attentive  examination,  why  it  happens  in  all  the 
fossil  animals  of  antiquity,  except  some  later  ones 
discovered  in  a  lighter  soil,  tiiat  the  heads  in  par- 
ticular are  not  only  crushed,  but  at  the  same  time 
dislocated  in  their  parts.  How  dreadfully  shattered 
for  instance  are  the  fragments  of  the  head  and  jaw 
discovered  at  Maestricht,  the  jaw  of  the  Vicentine 
animal,  the  head  of  the  specimen  belonging  to  M. 
Spener,  the  heads  of  the  palKOthcrium  and  anopio- 
therium  found  at  Montmartre,  and  the  head  of  the 
crocodilus  priscus  !" 

Testudines. — Remains  of  two  or  three  species 
of  tortoise  occur  in  tlie  StonesHeld  calcareous  slate. 
Fishes. — Teeth,  palates,  and  vertebra;  of  fishes 
of  several  varieties  are  found  both  in  the  Stonesfield 
slate  and  in  the  Forest-marble  cff  Atfbrd  near  Bath : 
the  same  varieties  belong  to  both  places. 

Birds. — Leg  and  thigh  bones,  apparently  of 
birds,  are  imbedded  in  this  calcareous  slate. 

Insects. — Coleoptera.  Specimens  pronounced 
by  Dr.  Leach  to  be  decidedly  the  Elytra  of 
Coleopterous  insects  occur  in  the  Stonesfield 
slate.  Two  or  three  different  species  have  been 
noted. 

Ceustacea. — Two  or  three  varieties  of  the  crab 
or  lobster  tribe  occur  also  in  the  Stonesfield  slate. 

All  these  organic  remains  are  intimately  associ- 
ated with  the  shells  which  characterise  this  portion 
of'the  oolitic  system,  and  cannot  therefore  be  con- 
sidered  as  a  local,  overlying,  and  recent  deposit  of 
animal  bones.  In  the  same  beds,  are  found  several 
varieties  of  shells,  particularly  a  smaii.  ?i\.\iAi.e4.  Vn.- 
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gonia,  and  several  vegetables,  principally  flags, 
feras,  and  mosses. 

Testacea.     Multilocular  Univalves. 

These  are  the  same  genera  for  the  Cornbrash, 
Forest  marble,  and  clay  over  the  oolite,  as  already 
given  for  the  inferior  oolite.  For  the  species  we 
refer  to  Mr.  Conybeare's  tabular  list.  Geology, 
p.  310.  The  same  reference  must  be  made  as  to 
the  echinites,  encrinites,  and  madrepores. 

Irregular  cylindrical  branches  often  occur  in  all 
these  beds  originating  apparently  from  Akyoms  ; 
and  in  the  great  oolite  there  are  well  characterised 
fragments  of  these  zoophytes,  exhibiting  distinctly 
tb^  cellular  and  spongy  texture.  See  Chalk  Fossils. 

Fossil  wood  is  prevalent  among  all  these  beds, 
and  especially  in  the  Forest  marble.  In  the  Stones- 
lield  calcareous  slate,  many  beautiful  vegetable 
impressions  occur  of  ferns,  flags,  and  mosses,  ana- 
logous to  those  of  the  coal  formation. 

Range  and  extent. — The  formations  from  the 
great  oolite  to  the  cornbrash  inclusively  constitute 
the  mass  of  a  well  defined  range  of  hills  which  run 
across  the  island  in  a  diagonal  direction  from  York- 
shire to  Dorsetshire,  and  equal  or  surpass  the  great 
chain  of  the  chalk  hills  in  continuity,  elevation,  and 
extent.  Mr.  Smith  has  given  the  appropriate  name 
of  the  Stonebrash  hilla  to  this  range,  from  the  stony 
fragments  that  are  mixed  with  the  surface  soil. 
The  Cornbrash  usually  forms  the  first  acclivity  of 
these  hills  where  they  begin  to  rise  from  the  valley 
occupied  by  the  Oxford  clay,  which  accompanies 
than  on  the  east  and  south-east-,  tVve¥otea.\.\Ks^t 
uad  calcareous  slate  advance  sti3\  fai\Ket  ^-n,  ^fioa 
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necessary  of  life,  wells  have  been  sunk  130  feet 
through  the  rock,  till  its  junction  with  the  fuller's 
earth,  which  intercepts  and  throws  out  its  springs, 
forming  a  weeping  soil  round  the  escarpments  of 
the  oolitic  hills  ;  circumstances  very  observable  near 
Bath.  When  there  is  a  failure  of  this  intervening 
clay,  the  springs  escape  downward,  and  are  lost. 
This  is  particularly  the  case  with  the  Forest  marble, 
whicii  has  numerous  swallow  holes.  These  absorb 
the  springs  filtered  through  the  Cornbrash.  Thirty 
of  them  may  be  counted,  within  the  compass  of 
half  a  mile,  round  Hinton. 

5  Vll.     MIDDLE  DIVISION  OF  OOLITES. 

1.  Oxford  Clay. — Clunch  clay  of  Smith. 
This  clay  forms  the  separation,  between  the  mid- 
dle and    inferior  assemblage  of  oolites,  including 
subordinate  beds  of  limestone  called  the  Kelloway 
rock. 

This  formation  is  composed  of  beds  of  immense 
thickness  of  a  tenacious  dark  blue  clay,  which  be- 
comes brown  on  exposure  to  the  air.  It  contains 
argillo-calcareous  geodes  and  septaria  (balls  and 
cakes)  termed  turtle  stones.  These  geodes  afford 
a  coarse  marble.  The  argillaceous  strata  are  fre- 
quently blended  with  calcareous  or  bituminous 
matter,  producing  in  the  latter  case  an  inflammable 
shale.  Irregular  beds  of  limestone  occasionally 
appear  in  the  lower  part  of  this  formation,  which 
are  merely  subordinate.  These  are  the  Kelloway 
rock,  in  irregular  concretions,  hard  and  of  a  bluish 
colour.  They  consist  almost  etAweX^  o?  a.  toxv^ewsa 
organic  remains,  among  v)\\\c\\  ?>eN*ii?\  s^ccwa  cS. 
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ammonites  predominate.  The  beds  of  clay  imme- 
diately over  this  rock  abound  in  selenite ;  below 
are  found  a  brown  aluminous  earth  and  bituminous 
wood.  Beds  of  clay  separate  the  Kelloway  rock 
from  the  inferior  oolites. 

Iron  pyrites  and  selenite  occur  abundantly  in 
thii^  as  in  ail  argillaceous  formations.  The  associa- 
tion of  sulphur  with  the  clay  strata  affords  a  curious 
subject  of  chemical  inquiry. 
'  The  organic  remains  of  the  Kelloway  rock,  are 
different  from  those  in  the  clay  beds. 

1.  In  the  clay,  are  a  few  bones  of  the  ichthyo- 
sauniSf  of  a  different  species  from  those  in  the  lias. 
Here  also  among  testaceous  remains,  are  am- 
monites, rostellaria,  serpula,  patella,  ostrea,  gry- 
pbffia,  and  pema. 

'  2.  Shells  of  the  Kelloway  rock. — Ammonites  of 
difierent  species  from  those  in  the  clay,  nautili,  and 
belemnites,  rostellaria,  cardita,  cbama,  gTypha3a, 
pecten,  plagiostoma,  avicula,  terebratula.  The  most 
characteristic  shell  is  the  gryphtsa  dilatata. 

See  Plate  IV. ;  and  for  the  range  and  extent  of  this 
formation,  consult  Conybeare  and  Phillips,  p.  197- 
.  This  stratum  is  for  the  most  part  extremely  low. 
Its  thickness  probably  exceeds  500  feet,  being 
about  700  in  the  midland  counties.  It  is  nearly 
conformable  with  the  strata  already  described ;  its 
'  general  dip  being  to  the  east  and  south-east  under 
a  very  small  angle.  It  is  commonly  necessary  to 
sink  through  this  dense  mass  before  water  can  be 
finind.  This  is  a  serious  undertaking,  a  well  hav- 
ing been  sunk  at  Boston  to  the  depth  of  40%  VvNla- 
oat  success. 
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§  VIII.     CORAL  RAG, 
Thi  Suptriar  Oo&tt,  Oxfird  OalUt  or  PUeliic 

Thia  ibrmation  comprises  a  aeries  of  beds,  in  all 
from  one  to  two  hundred  feet  thiclc ;  in  the  upper 
part,  whicii  contains  the  oolite,  the  calcareous  matter 
prevails  i  and  in  the  lower,  the  siliceous  tnattcr. 
The  coral  rag  occupies  the  middle  of  the  series. 

The  sandy,  or  siliceo-calcareous  beds,  consist  of  a 
thick  deposit  of  yellow  coloured  quartzose  sand, 
traversed  by  irregular  strata  of  hard  gritstone. 
These  rest  immediately  on  the  Oxtbrd  clay.  The 
fossils  of  this  formation  are  found  most  abundantly 
in  the  calcareous  grit  of  this  sand,  especially  be- 
neath the  coral  rag  beds.  The  ostrea  gregareOt 
characterises  the  sand.  Iron  is  diffused  through  it 
in  such  plenty,  as  to  cause  the  appearance  of  the 
iron  sand  found  in  a  superior  bed. 

The  remains  of  vertebral  animals  are  scarce-^  but 
a  few  vertebrte  of  the  ichthyosaurus  have  occurred 
in  the  calcareous  grit. 

The  shells  are  numerous  there ;  ammonites, 
nautilus,  belemnites,  melanea,  turbo,  helix,  trofims, 
ampullaria,  serpulites,  ostrea,  pecten,  chama,  tri- 
gonia,  lima,  lithophaga,  mytilus,  modiola.  Many 
beautiful  echinites  are  found  in  this  formation  j  of 
the  cidaris  and  clypeus  genera.  It  is  the  first  for- 
mation, in  descending  from  the  surface,  which  af- 
fords any  considerable  number  or  variety  of  mradre- 
pores.  Several  species  of  the  caiyophyllia  and 
astrea  are  also  observed.  Foa&vl  vood  occurs  fre- 
guent/y  in  the  calcareous  gn^  ?iee,^\a.\&Yvl , 
'Tie  corai  rag,  whicVi  reipoae?.  o^  'i^'««  ■s^Ati'Ma- 
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calcareous  beds,  consists  of  a  loose  rubbly  limestone, 
often  almost  entirely  composed  of  a  congeries  of 
several  varieties  of  aggregated  and  branching 
madrepores.  There  are  two  or  three  irregular 
courses  of  this  rock  between  the  freestones  and  the 
inferior  sandy  beds. 

The  upper  calcareous  beds  are ;  a  calcareous  free- 
stone of  tolerably  close  texture,  full  of  comminuted 
shells.  It  is  oolitic,  often  with  large  ovoid  parti- 
cles,  whence  the  name  Pisolite.  Colour,  pale  yel- 
lowish white.  As  a  building  stone,  it  is  apt  to 
scale  off  in  large  flakes  from  exposure  to  the 
weather,  a  defect  from  which  the  city  of  Oxford 
has  suffered. 

The  thickness  of  the  calcareous  sand  and  coral 
rag  may  be  estimated  at  about  100  feet  for  each. 
The  inclination  of  the  beds  is  very  slight ;  but  care 
must  be  taken  in  observing  it,  not  to  mistake  the 
lines  of  the  cleavage  of  the  rock,  for  those  of  strati- 
fication. 

From  the  porosity  of  these  strata,  it  is  necessary 
to  penetrate  to  their  junction  with  the  subjacent 
cUy,  before  any  considerable  supply  of  water  can 
be  had. 

§  IX.     UPPER  DIVISION  OF  THE  OOLltiC  SERIES. 

1.  Kimmeridge  clay.  2.  Portland  oolite.  3. 
Argillo-calcareous  beds  of  Purbeck. 

1 .  Kimmeridge  clay.     These  beds  consist  of  a 
blue  slaty  or  grayish  yellow  clay,  wbick  cowtaisis^ 
selenite,  with  occasional  strata  oi  \v\^c\>j  \i\\x>ssiDDL- 
ous  shaje,  called  Kimmeridge  coAy  Aaecasaafc  SS.  '^ 
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used  for  fuel  at  that  place  on  the  coast  of  the  lale 
of  Ptirbeck.  These  beds  arc  well  seen  on  the  coast 
of  the  Isle  of  Portland.  The  slate  clay  contains 
both  animal  and  vegetable  impressiona.  After 
being  heated,  the  shale  divides  into  large  tabular 
masses.  These  beds  furnish  the  selenites  of  Oxford- 
sliire,  which  are  constantly  in  progress  of  fonning, 
by  the  union  of  the  _  acid  of  oxygenised  pyrites, 
with  the  calcareous  matter  of  the  oyster  shells,  and 
other  marine  fossils. 

Tlie  most  interesting  organic  remains  of  this 
stratum  are  those  of  the  extinct  genera  of  the  fish- 
lacerta".  The  vertebrir,  paddle-fins,  &c.  of  a  species 
of  ichthyosaurus,  different  from  the  ichthyosauri 
of  the  lias,  have  been  observed  j  as  also,  the  verte- 
brae, phalanges,  and  bead,  probably  of  a  plesio- 
saurus.  Bones  like  those  of  the  cetacea,  also  occur. 
Of  the  shells  present  in  abundance,  the  ostrea 
deltoidea  seems  most  characteristic.  The  genera 
are  nearly  as  in  the  coral  rag.     See  Plate  IV. 

2.  Portland  Oolite. — Several  beds  of  a  coarse 
earthy  limestone,  compose  this  formation.  Through 
all  the  three  divisions  of  the  oolite  series,  the  lime- 
rocks  are  so  similar,  as  to  be  distinguishable  chiefly 
by  their  organic  remains.  All  their  varieties  pos- 
sess the  character  of  a  yellowish  white  calcareous 
freestone,  mixed  with  a  small  quantity  of  siliceous 
sand,  and  becoming  oolitic  ;  features  in  which  they 
differ  entirely  from  the  argillaceous  beds.  The 
upper  series,  called  the  oolite  of  Aylesbury  and 
Portland,  is  fine  grained,  white,  loose  granular,  of 
eailhy  aspect,  with  various  shades  of  yellowish  gray. 
■  •casionally   it  occure  as  a  co\n\ias:l  tt(;\atto\j& 
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limestone,  with  a  conchoidal  fracture.  In  Wilt- 
shire and  Dorsetshire  layers  of  chert  alternate  with 
the  limestone,  like  flints  in  the  chalk ;  while  the 
lower  beds  have  a  sandy  aspect  from  numerous 
particles  of  green  sand. 

Those  varieties  which  are  most  distinctly  oolitic, 
as  at  Purbeck  and  Portland,  afford  a  fine  building 
stone,  much  employed  in  London.  In  the  Isle  of 
Portland,  the  uppermost  beds  are  numerous.  They 
consist  of  oolitic  rock,  which  at  the  very  summit, 
called  the  cap,  is  yellow  and  porcellanous ;  it  is  fit 
only  for  making  lime.  The  next  bed  is  quarried 
for  the  builders ;  the  beds  below,  being  shelly  or 
cherty,  are  employed  for  coarser  purposes. 

Hie  following  section  of  the  quarries  on  the  west  side  of  Portland, 
was  published  in  the  Monthly  Magazine  for  1813,  p.  481. 

Feet. 

I.  Vegetable  mould  less  than 1 

2f  and  3.  In  Gosling's  quarry,  the  stone  brash  and  two  beds 

of  the  cap  are  together, 20 

4.  Roach,  in  one  bed  4  feet,  and  2  other  feet  are  united  to 

the  top  of  the  white  bed,  in  all  ....  0 

5w  White  bed,  a  marketable  building  stone,  exclusive  of  the 

two  feet  of  Roach  united  to  it,  ....  S 

Many  beds  of  flint  and  stony  rubbish,  ...  6 

6.  Two  other  beds  of  Roach  in  the  place  of  the  middle  bed 

of  saleable  stone, 0 

7.  The  third  bed  of  marketable  stone,       ....  6 

N.£.  On  the  side  of  the  island  this  bed  is  of  better 
texture,  and  measures  from  7  to  14  feet  in  thickness. 

8.  The  above  series  lies  on  many  layers  of  flints  and  beds  of 

unserviceable  stone  to  the  depth  of  about  •      55  or  60 

The  whole  of  the  rocky  strata,    .        .        .        .112 
Beneath  is  black  blue  shiver  several  hundred  feet  thick,  of  which 
dbout  100  feet  stand  above  the  level  of  the  sea. 

The  beds  at  Portland  and  Tisbury  contain  beau- 
tifiil  yellow  sulphate  of  barytcs,  called  ^\x^^.t  c^wi>j 
0tone,  and  calcareous  spar. 
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The  organic  remains  are  chiefly  shells.  Tlie 
Amunites  triplicatus  and  Pecleti  lameliosus  are  cha- 
racteristic.   See  Plate  IV.  and  Geol.  of  Kngl.  p.  I76. 

Large  frpginents  of  wood  are  common,  Rnd  beauliful  ailidfied  p' 
{Cycadeoidfie).     See  Qcol.  Trans.  June  \BiirS. 

The  soil  of  this  stratum  ts  a  poor  stone  brash. 
The  water  intercepted  by  the  Kubjacent  Kimmer- 
idge  clay  is  thrown  out  copiously  from  the  bottom 
oi'  tiie  oolite. 

3.  PuRBECK  Beds. 

These  which  form  the  summit  of  the  series,  arc 
composed  of  many  thin  layers  of  argillaceous  lime- 
stone, which  alternate  with  slaty  marls,  and  form 
altogether  a  body  300  feet  thick.  According  to 
Mr.  Webster,  the  Purbeck  stone  consists  ciiiefly  (rf* 
shells  (principally  the  Helix  Vivipara),  partly  entire 
and  partly  comminuted,  imbedded  in  a  calcareous 
cement,  which  is  sometimes  pure  and  crystalline, 
and  at  others  like  an  indurated  marl.  Between 
these  beds  are  interposed  others  free  from  shells, 
along  with  layers  of  marl  and  shale,  which,  by  its 
shivery  nature,  facilitates  the  quariying  operations. 
The  hill  contains  many  alternations  of  these  strata. 
One  good  freestone  bed,  worked  and  shipped  off 
for  Ix)ndon  in  Purbeck  squares,  is  5  feet  thick; 
another  a  little  below  it,  called  the  new  vein,  is  of 
the  same  thickness.  The  uppermost  useful  stone 
is  called  the  leaning  vein.  It  is  7  feet  thick,  and 
affords  flagstones  lor  pavement.  The  only  mineral 
contents  of  these  beds  are  the  pyrites  of  the  marl 
stratum,  and  the  sulphate  of  lime,  produced  by  its 
action  on  the  calcareous  matter. 

Beautiful  impressions  of  fta\\  axe  ^Tec^vieWi\>j  ^ewad. 
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by  the  quarrymen  between  the  laminas  of  the  lime- 
stone, as  also  fragments  of  bones,  belonging  chiefly 
to  the  turtle.  Complete  fossil  turtles  have  also 
occurred,  of  which  one  specimen  was  found  in  great 
perfection.  The  shells  of  jthis  formation  have  not 
been  accurately  examined.  The  Purbeck  beds  have 
an  average  total  tliickness  of  about  300  feet.  They 
are  retentive,  and  must  be  sunk  through  for  water. 

None  of  the  above  formations  of  the  upper  divi- 
sion of  the  oolite  series,  have  been  noticed  hitherto  to 
the  north  of  Buckinghamshire.  Here  the  Portland 
beds  first  make  their  appearance  beneath  the  iron 
sand,  forming  a  constituent  of  the  same  chain  of 
hills.  It  underlies  a  great  part  of  the  vale  of  Ayles- 
bury. On  the  borders  of  Oxon  and  Bucks,  it  rises 
from  Thame,  and  culminates  on  the  insulated  group 
of  Brill  hiUs,  with  a  thin  covering  of  iron  sand.  It 
passes  thence  to  the  south-west,  and  again  culmi- 
nates at  Shotover.  Through  the  north  of  Dorset- 
ahire,  the  prolongation  of  this  series  is  concealed 
iby  the  projection  westwards  of  the  vast  overlying 
I^Atforms  of  chalk  and  green  sand  extending  over 
their  basset  edges  or  outcrops.  Beyond  the  escarp- 
ment of  the  chalk  it  reappears. 

The  strata  of  the  isle  of  Purbeck  district  are 
inclined  to  the  horizon,  and  are  perforated  with 
caves  at  its  western  extremity.  There  the  Portland 
beds,  dipping  inland  in  an  angle  of  from  45  to  60 
degrees,  form  the  exterior  barriers  and  capes  at  the 
mouth  of  these  coves,  while  the  vertical  strata  of 
the  high  chalk  downs  range  along  their  bottom. 
The  more  solid  masses  of  the  Portland  rock  haN\w% 
snost powerfully  resisted  the  destroy'mg  agwv\Sk^\v\^ 
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seem  to  liave  excavated  the  coves,  otten  form  a  reef 
of  rocks  in  advance.  In  the  convulsions  of  the 
strata  the  solid  beds  of  Portland  rock  have  been 
Ufted  up  in  mass,  in  regular  inclined  planes  j  but 
the  softer  superincumbent  argillaceous  beds  have 
been  bent  by  the  lateral  pressure  into  many  curious 
contortions,  such  as  we  formerly  described  in  treat- 
ing of  the  primitive  and  coal  formations.  It  may 
indeed  be  admitted  as  a  general  fact,  that  when 
thick  and  compact  beds  of  stone  are  associated  wltli 
thill  yielding  beds,  in  a  series  of  inclined  strata,  the  , 
stone,  however  much  it  may  be  raised,  retains  its 
flat  planes  of  stratification,  while  the  tabular  clays 
are  bent  and  twisted  into  the  most  irregular  curves. 
This  disposition  affords  demonstrative  evidence  of 
the  beds  having  been  upheaved  and  dislocated  by 
mechanical  violence  after  their  horizontal  deposition. 
The  average  height  to  which  this  formation  rises 
is  about  500  feet.  The  isle  of  Portland  is  300. 
In  general,  these  beds  are  nearly  horizontal,  where 
they  have  suffered  no  eruptive  violence.  But  from 
this  force,  in  the  vale  of  Nadder,  they  are  elevated 
sometimes  to  an  angle  of  4.5° ;  while  at  Upway  and 
Portland  they  decline  in  opposite  directions,  forming 
a  portion  of  what  has  been  called  the  Weymouth 
saddle.     See  Geol.  of  Eng.     Fig.  p.  192. 


i  X.  BEDS  BETWEEN  THE  CHALK  AND  OOLITE  SERIES. 


This  interval  may  be  regarded  as  filled  up  by 
.    a  series   of  beds  chiefly  of  siliceous  sand,  which 
possess  an  aggregate  ihVcVnesa  \u  ^Ina  ^te-aXM  y*^ 
-»f  their  comse  of  about  1000  VeeV.    "YVe-j  ^o^w^  '^v* 
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extensive  tract  of  sand  universally  traceable  beneath 
the  escarpment  and  inferior  termination  of  the  chalk 
ranges.  This  series  is  exhibited  in  the  clearest 
manner  in  the  southern  counties  of  England  ; — ^the 
middle  and  northern  have  not  been  so  well  explored. 
The  sandy  beds  are  divided  into  two  groups,  with 
an  inteijacent  stratum  of  clay.  The  upper  sand- 
stone is  interspersed  with  numerous  specks  of  a 
greenish  substance ;  the  lower  has  a  deep  ferru- 
ginous hue,'  from  brown  oxide  of  iron.  Hence  the 
first  is  called  the  green  sand ;  the  second  the  iron 
sand  formation.  The  upper  bed  is  parted  from  the 
chalk  by  argillo-calcareous  strata,  but  their  line  of 
division  is  not  very  well  marked  on  account  of  the 
graduation  of  the  lower  chalk  into  them.  These 
mixed  beds  have  been  called  chalk  marl.  Reck- 
oning from  below  in  the  order  of  superposition,  we 
have  therefore, 

1.  Iron  sand. 

2.  Inteijacent  clay,    which  being  found   exten- 

sively in  the  Wealds  of  Kent,  Surrey,  and 
Sussex,  is  called  Weald  clay. 

S.  Green  sand. 

4.  Chalk  marl. 

All  these  strata  are  probably  of  marine  origin. 
Formations  similar  to  these  in  England,  are  found 
skirting  the  chalk  of  Boulogne,  at  its  western  limit 
about  Honfleur  and  Havre,  and  its  eastern  boundary 
at  Valenciennes  ;  where  the  green  sand  assumes  a 
conglomerate  appearance,  and  is  called  turtia. 
Analogous  formations  have  been  observed  in  Swit- 
zerland. It  is  probable  that  the  sandsloxve  o?  ^ra^sii^  ^ 
ca/feJ  Qusuiersandstevny  belongs  to  XVve  ^assv^  ^^\\^^^ 
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In  Other  parts  of  the  world,  we  possess  no  meaiis 
of  tracing  tliese  beds. 

1.  Iron  or  Hastings  Sand. — This  formation  may 
be  studied  with  most  advantage  in  the  neighbour- 
hood of  Hastings.  It  consists  of  a  series  of  strata 
in  which  sand  and  sandstone  prevail,  alternating 
occasionally  witli  subordinate  beds  of  clay,  marl, 
fuller's  earth,  and  ochre.  Tlie  sand  is  entirely 
siliceous,  and  contains  iron  in  such  quantity  as  for- 
merly to  have  rendered  it  worth  working  as  an  ore 
of  that  metal.  The  sandstones  otVen  form  coarse 
grained  conglomerates,  which  consist  of  pebbles 
from  the  size  of  a  pigeon's  egg  to  a  pin's  head,  im- 
bedded in  a  femi^nous  cement.  Thence  a  rc^- 
lar  gradation  may  be  traced  to  a  very  line  grained 
sandstone,  afibrding  flags  for  pavements  and  for 
building  stones.  Ferns,  charred  wood,  and  other 
supposed  associates  of  coal,  occur  in  the  white  and 
gray  sandstones  of  this  series,  but  rarely  in  the  fer- 
ruginous. The  beds  of  fuUer*s  earth  which  occa- 
sionally alternate  here,  have  been  extensively  worked 
in  Bedfordshire.  The  ochre  of  Shotover  hill 
occupies  a  similar  geological  position. 

The  organic  remains  of  this  bed  have  been  im- 
perfectly explored.  They  are  not  numerous ;  but 
the  nautilus,  belemnites,  ammonites,  ostrea,  tere- 
bratula,  and  spines  of  an  echinus  cidaris  have  been 
found.  The  most  abundant  fossils  are  the  spongita^ 
of  which  many  varieties,  tubular,  funnel-shaped,  and  - 
palmated  occur.  The  richest  locaUty  is  at  Farring* 
don  in  Berkshire.  Beautiflil  minute  corallines  have 
beea  also  observed- 
In  the  west  o£  CanibtidgeAnxe  xJms  foxwta.'Cwcv  S* 
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well  exhibited,  and  it  may  be  traced  thence  through- 
out the  southern  part  of  the  island.  In  the  mid- 
land  counties  it  constitutes  the  mass  of  a  chain  of 
hills  extending  through  Bedfordshire,  and  forms  the 
summits  of  the  same  chain  which  ranges  through 
Bucks,  Oxon,  Berks  and  Wilts.  Its  greatest  thick- 
ness appears  to  lie  in  the  Weald  country,  where  it 
amounts  to  500  feet.  In  inclination,  its  strata  con- 
form to  those  of  the  chalk  which  lies  over  it.  It 
constitutes  in  many  places  a  fertile  soil,  and  is 
&Tourahle  to  the  growth  of  wood.  Like  all  other 
loose  and  porous  mineral  masses,  which  are  divided 
by  a  few  tenacious  layers,  this  formation  can  fur- 
nish water  only  at  such  partitions ;  and  hence  the 
veils  are  here  deep,  and  from  tlie  abundance  of  iron 
tbey  are  chalybeate.  Tunbridge  Wells  is  a  notable 
instance. 

2.  Weald  Clay. — This  is  exhibited  on  the  largest 
sciale  in  the  Wealds  of  Kent,  Surrey,  and  Sussex, 
where  it  separates  the  central  nucleus  of  ferru^nous 
sand  from  the  encircling  ranges  of  the  green  sand 
strata.  This  bed  varies  in  quality  from  a  dark  ten- 
acious clay,  to  a  blue  or  gray  calcareous  marl  of  an 
earthy  and  friable  texture.  Layers  of  argillo-cal- 
careous  concretions  occur  replete  with  shells  of  the 
genus  Vivipara  Jiuviorum.  Their  interior  is  filled 
with  calcareous  spar ;  which  when  cut  and  polished 
is  called  Petworth  marble.  Its  organic  remains 
have  not  been  enumerated  ;  nor  can  we  infer  any 
thing  as  to  the  formation  from  the  above  single  shell. 
lo  the  Weald  of  Kent  the  thickness  of  the  bed  is 
about  500  feet ;  in  the  Isle  of  Wig\rt  oA-j  \WJ. 

S.  Green  sand. — This  formation  Vs  crewi  oS:  '^^ 


both        i 
)f  its        1 
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most  important  between  the  oolites  and  chalk, 
ftom  its  mass  and  the  number  and  beauty  of 
organic  remains.  In  the  southern  counties  of  Eng- 
land the  bed  is  thick  and  easily  traced  ^  but  it  is 
more  obscure  in  the  midland  and  northern.  The 
green  sand  is  siliceous,  and  is  sometimes  consoli- 
dated into  sandstone  with  a  calcareous  cement. 
The  nature  of  the  green  earthy  colouring  matter  is 
not  well  known.  It  is  probably  some  fonn  of  iron, 
along  with  micaceous  particles.  There  are  subor- 
dinate beds  and  masses  of  chert,  and  veins  of  chal- 
cedony; with  alternating  beds  and  nodules  of  lime- 
stone called  Rag  in  the  Isle  of  Wight  It  is  the 
Kentish  rag.  This  limestone  is  perfectly  distinct 
from  that  of  Portland  in  geological  position,  char- 
acter, and  fossils.  There  are  occasional  parting 
seams  of  clay.  Iron  pyrites  occurs  in  this  rock  at 
Folkstone,  and  hematitic  iron  in  the  ferruginous 
beds.  Crystallized  sulphate  of  barytes  of  a  yellow 
colour,  with  its  interstices  filled  with  opaque  quartz,  ' 
has  been  observed. 

Organic  Remains. — These  are  extremely  nume- 
rous. At  Blackdown,  and  other  places,  they  occur 
in  a  state  of  beautiful  preservation,  imbedded  in 
the  siliceous  varieties  of  the  rock,  the  original  cal- 
careous matter  of  the  fossil  being  entirely ,  sup- 
planted by  chalcedonic  in61tration.  The  quarries 
of  Blackdown  afford  150  species  of  testacea.  Under 
the  family  EcJunus  we  have  the  divisions  cidaris 
find  spatangus,  and  one  small  species  of  conalus. 
This  formation  is  the  lowest  in  which  the  spatangi 
have  hitherto  been  found  iiv  England  ■,  and  the  only 
one  besidi'  '■,  ihat  seems  Vo  coiWaM^.  S!c«. 
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conaliu.  The  encrinites  are  few  and  unimportant ; 
as  well  as  the  coralloids.  The  alcyonic  remains 
are  however  both  more  numerous  and  important  in 
thin  formation  than  in  any  other  except  the  chalk. 
"We  have  the  ramose ;  the  funnel-shaped  (figured 
in  the  frontispiece  to  Parkinson's  Organic  Remains); 
the  tulip  shaped  \  one  with  a  large  head  divided 
into  many  lobes,  standing  on  a  short  neck ;  one 
shaped  like  a  cucumber.  Silicified  wood  also  occurs. 

This  formation  may  be  traced  very  extensively 
jMDeath  the  chalk.  In  Wiltshire  it  constitutes  hills 
standing  in  advance  of  those  of  the  chalk  formation, 
and  nearly  equalling  them  in  height  On  tlie  con- 
fines  of  Dorset  and  Devon  it  occurs  in  high  and 
insulated  masses,  called  outliers.  In  the  course  of 
its  progress  to  the  south-west,  the  green  sand  suc- 
cessively overlies  the  terminations  of  the  oolites  and 
the  lias  ;  becoming  immediately  incumbent  on  the 
newer  red  sandstone,  in  the  western  part  of  Black- 
down.  Through  the  isles  of  Purbeck  and  Wight,  it 
attends  the  elevated  strata  of  the  chalk,  with  a  con- 
formable inclination.  Its  hills  do  not  exceed  800  or 
900  feet.  Its  thickness  is  in  many  places  200  feet 
It  forms  a  light  loamy  soil,  of  considerable  fertility. 
From  its  porous  nature,  it  is  often  necessary  to 
pierce  it  deeply  before-  we  reach  the  water  kept  up 
by  the  retentive  substratum  of  Weald-clay. 

4.  Chalk  Marl. — This  formation  consists  appa- 
rently of  three  ingredients  intimately  mixed ;  1st 
cretaceous  matter ;  2d,  argillaceous  matter ;  Sd, 
sand.  The  cretaceous  matter  is  harder  than  chalk, 
is  laminated,  and  will  not  mark  like  vt.  Ite  csAnux 
hgray  or  mottled^  and  it  falls  to  pvecea  "«\vwv  -wft^^R.^ 
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and  dried  again.  Where  the  argillaceous  matter 
predominates  mticb,  a  tenacious  clay  marl  of  the 
ordinary  characters,  and  bluish-gray  colour,  is  the 
result.  And  when  the  sand  is  in  excess,  a  fine- 
grained grayish  sandstone  of  loose  texture  is  pro- 
duced, which  forms  a  connecting  link  with  the 
green  sand  below.  The  more  argillaceous  form 
contains  30  per  cent,  of  carbonate  of  lime  ;  the  more 
cretaceous  82,  with  18  silex  and  alumina  (chiefly 
the  former),  and  a  trace  of  iron.  Beds  of  chert  are 
occasionally  ibund  in  tiiese  strata  as  at  Reigate, 
and  flinty  nodules  in  some  parts  of  Cambridge- 
shire, 'i7ie  upper  cretaceous  beds,  near  the  junc- 
tion with  the  chalk,  contain  organic  remains  of 
nearly  the  same  description  as  those  of  the  lower 
chalk,  viz.  nautilus,  inoceramus,  echini,  alcj/onia, 
and  sponges.  The  lower  and  more  argillaceous 
strata  are  distinguished  by  a  great  variety  of  singular 
fossils,  especially  multilocular  shells.  We  bave 
several  species  of  ammonites,  nautilus,  hamites, 
scaphites,  turrilites,  belemnites,  dentatium,  vermi- 
cularia,  cerithium,  euomphalus,  patella,  terebratula, 
area,  nucula,  pecten,  inoceramus,  a  variety  of  spa- 
tangus,  madrepores,  and  pentacrinite.  Remains  of 
vertebral  animals  are  not  common ;  but  of  wood, 
numerous  fragments  are  found  with  the  ligneous 
fibre.  The  breadth  of  this  tract  is  generally  from 
one  to  two  miles ;  and  its  thickness  from  300  to  ' 
400  feet.  The  strata  are  conformable  in  inclina- 
tion to  the  supeijacent  chalk,  and  therefore  com- 
monly horizontal,  but  in  the  disturbed  ranges  of 
the  isle  of  Wight  and  Purbeck,  they  are  thrown 
into  an  upright  position.     See  "PVatea  \N  UN  . 
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This  stratum  forms  by  its  extent  and  distinctive 
characters  one  of  the  most  remarkable  mineral  fea^ 
tures  of  England.  It  would  seem  as  if  an  interval 
of  time  had  elapsed  between  the  completion  of  the 
chalk  beds,  and  the  deposit  of  others  upon  it  i  for  the 
surface  of  the  chalk  at  its  boundary  with  the  super- 
incumbent layers,  bears  marks  of  having  undergone^ 
during  that  period,  a  partial  destruction  after  it  was 
consolidated.  There  is  spread  over  it,  a  stratum  of 
debris,  consisting  chiefly  of  flints  washed  out  of  its 
mass.  Moreover,  the  surface  is  irr^ularly  worn 
into  numerous  cavities,  of  which  many  are  deep, 
and  filled  up  with  the  same  debris.  At  the  junction 
of  the  chalk  with  the  sand  and  gravel  of  the  plastic 
clay  formation,  deep  indentations  are  observed  on 
its  surface,  which  are  sections  of  long  furrows  and 
cavities  apparently  produced  by  the  action  of  agi- 
tated water  on  the  chalk  before  it  was  protected  by 
the  covering  of  clay. 

The  enormous  quantity  of  chalk-flint  pebbles 
completely  rolled  and  rounded  which  are  found  in 
the  plastic  clay  to  the  south  of  London,  show  that 
the  chalk  itself  must  have  been  consolidated  before 
that  partial  wasting  of  its  upper  strata  by  water. 
To  this  hydraulic  action,  MM.  Cuvier  and  Brog- 
niart  ascribe  the  irregular  ridges  and  furrows  on  the 
surface  of  the  French  chalk,  and  the  Meudon  brec- 
cia. The  immense  scale  on  which  this  destruction 
was  carried  on  may  be  inferred  from  the  vast  ex- 
tent  of  the  English  pebble  beds.  That  a  long 
period .  of  time  probably  intervened  bet^^^w  \Xv^ 
deposition  of  the  chalk,  and  of  ita  c\^^  co«Sq3R%^\^ 
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reiidcreil  jirobablc  also  by  tliu  total  dirtereiicu  of 
^e  organic  remains  found  in  the  two  strata.  By 
such  wasting  causes  the  chalk  must  have  been 
reduced  to  much  narrower  bounds  ihaji  it  occupied 
at  first.  On  the  north  of  Northamptonshire,  on 
the  borders  of  Rutland  and  Leicestershire,  and  in 
the  vale  of  Shipstone  in  Warwickshire,  accumula- 
tions oi'  chalk  flints,  mixed  witii  rounded  fragments 
of  hard  chalk,  occur  in  such  (juantities  as  to  war- 
rant the  idea  of  this  formation  having  once  covered 
these  districts,  now  50  miles  distant  from  its  nearest 
line.  The  transition  from  the  chalk  to  the  more 
recent  deposits  appears  to  have  been  sudden,  not 
gradual.  In  a  few  cases  indeed  a  bed  of  interme- 
diate character,  a  cretaceous  marl,  lies  between 
them  ;  which  tends  to  show  that  where  the  series 
of  deposits  was  permitted  to  proceed  quietly,  such 
a  gnidation  might  have  gone  on. 

The  baud  oi'  chalk  which  stretches  across  the 
eastern  and  southern  counties  of  England  from 
Yorkshire  to  Dorsetshire  is  to  be  regarded  merely 
as  the  western  edge  of  a  most  extensive  tract  of 
this  formation.  Stretching  from  the  Thames  to 
the  Don  the  chalk  occupies  the  interior  area  of  the 
great  central  basin  of  Europe.  This  concavity  is 
bounded  on  the  north  by  the  primitive  mountain 
districts  of  Russian  Finland,  Sweden,  Norway  and 
Scotland ;  on  the  west  by  the  transition  and  primi- 
tive chains  of  Cumberland,  Wales,  Devonshire  and 
Brittany ;  on  the  south,  by  the  primitive  mountains 
branching  from  the  Cevennes  in  the  centre  of 
France,  the  Alps,  with  tlie  various  grand  groups 
of  Germany,  as  the  Black  ¥oTesV,\!fte'ft.\vm%^u,Mv'^ 
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the  Vosges,  the  Bohemian,  Thuringian,  Saxon, 
Silesian  and  Carpathian  mountains ;  on  the  east, 
by  the  Ural  chain  and  its  branches.  The  chalk 
does  not  rest  on  the  mountains  themselves ;  but 
within  the  area  which  they  circumscribe  at  a  certain 
distance  from  them,  an  interior  area  may  be  traced, 
over  which  the  substratum  of  chalk  is  beUeved  to 
extend. 

Through  the  northern  coasts  of  France  it  occu- 
pies an  extent  exactly  corresponding  to  its  line  on 
the  southern  shores  of  England.  At  the  north  of 
the  Seine,  its  outer  edge,  reposing  on  green  sand, 
turns  south,  and  runs  on  to  Blois,  where  the 
deposits  above  the  chalk  overlie  and  conceal  its 
southern  extremity.  It  re-appears  at  Montargis, 
and  bending  again  northward,  forms  a  sort  of  pro- 
montory, passing  east  of  Troyes,  Rheims,  and  Va- 
lenciennes, having  the  green  sand,  oolites  and  lias 
cropping  out  further  eastward.  At  Valenciennes, 
most  of  these  fomiations  are  wanting,  and  tlie  chalk, 
with  a  few  beds  of  green  sand  (there  called  Turtia), 
repose  horizontally  on  the  truncated  edges  of  the 
coal  basin,  extending  along  the  banks  of  the  Meuse 
to  Liege  and  Aix.  Here  the  coal  is  therefore 
worked  beneath  the  chalk.  Hence  the  chalk  may 
be  considered  as  ranging  beneath  the  sandy  and 
diluvial  tracts  of  North  Germany  towards  Berlin. 
The  whole  of  this  territory  is  a  vast  sandy  heath, 
covered  with  a  deep  detritus  of  diluvial  gravel,  in 
the  midst  of  which  occur  enormous  rounded  blocks 
of  granite,  traceable  to  the  opposite  shores  of  the 
Baltic,  exhibiting  one  of  the  most  sublime  i^\v^\v^ 
mena  of  geology.    Nine-tentha  o£  \K\^  ^xw^^  w^ 
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chalk  flints;  and  Mr.  Conybeare  had  the  sagacity 
to  discover  about  half'-a-mile  from  Liincbiirg,  on  the 
way  to  Hamburg,  a  chalk  pit  which  had  escaped 
the  attention  of  former  observers.  It  contains  the 
usual  alternation  of  flints,  along  with  good  speci- 
mens of  the  inoceramus,  echinites,  and  most  of  the 
ciiaracteristic  chalk  fossils.  On  entering  Poland, 
the  chalk  lays  aside  the  cloak  which  had  for  a  apace 
concealed  it,  and  re-appears  in  a  line  of  hills  nearly 
parallel  to  the  Carpathians.  It  is  flnely  displayed 
at  Cracow,  where  it  reposes  on  green  sand,  and 
exhibits  flints  in  abundance,  with  the  customary 
organic  remains.  Passing  thence  by  Lemherg,  it 
appears  to  stretch  into  Russia.  Dr.  Clarke  noticed 
hills  of  chalk  on  the  Don.  The  town  of  Bielogorod 
(white  city),  takes  its  name  from  white  chalky  hills 
in  the  neighbourhood.  Chalk  with  its  usual  flints 
and  fossils,  was  observed  by  Engelhardt,  even  in 
the  Crimea,  Chalky  clifh  are  seen  on  the  northern 
coast  of  the  Island  of  Rugen,  and  on  the  opposite 
shore  of  the  Baltic  in  Pomerania  Mid  Mecklenburg. 
A  chalk  tract  occurs  near  Malmo  in  Sweden.  The 
chalk  is  supposed  to  traverse  Holstein,  to  the  mouth 
of  tiie  Elbe,  and  thence  crosses  the  German  Ocean 
to  Flamborough-head  in  Yorkshire.  Thus  is  com- 
pleted its  great  circuit 

This  extensive  chalk  tract  presents  a  remarkable 
uniformity  of  geological  character  ;  and  proves  the 
general  action  of  the  causes  which  produced  min&> 
ral  deposits.  The  organic  remains  also,  to  the 
amount  of,  at  least,  eight-tenths,  are  common  to 
■aii  the  localities  in  which  chalk  has  been  recognised; 
■as  in  England,  France,  theNeOietVaxvisCjercftWK^, 
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and  Poland.  Mr.  Conybeare  says  he  has  never 
seen  a  fossil  from  any  foreign  chalk-pit  to  which  an 
analogue  might  not  be  produced  from  the  pits  of 
this  island.  These  are  important  facts.  They 
demonstrate  that  formations  in  very  distant  regions 
admit  of  comparison  on  satisfactory  principles  ;  and 
illustrate  the  value  of  organic  remains  in  establish- 
ing these  comparisons. 

Partial  chalk  tracts  occur  beyond  the  precincts  of 
the  preceding  European  area.  A  remarkable  depo- 
sit  of  chalk  forms  the  basis  of  the  great  basaltic 
area  in  the  north-east  angle  of  Ireland.  It  con- 
tains flints,  agrees  in  its  organic  remains  with 
England,  and  rests  on  green  sand  (called  Mulatto). 
The  thickness  of  that  deposit  does  not  exceed  300 
feet 

It  is  remarkable  that  America,  both  South  and 
North,  seems  to  be  destitute  of  chalk  ;  Mr.  Maclure 
asserting  positively  that  it  does  not  exist  on  that 
continent. 

Chalk  is  well  known  to  have  an  earthy  dull  frac- 
ture and  a  meagre  touch,  but  it  occasionally  con- 
cretes  into  a  hard  limestone.  This  compact  chalk 
has  been  used  in  building.  As  this  formation  is 
coknposed  throughout  of  a  series  of  homogeneous 
beds  of  a  tender  earthy  limestone,  it  does  not  admit  ^ 
of  stratiform  subdivisions. 

But  the  numerous  beds  of  nodular  flints  which 
lie  alternately  distributed  through  the  greater  part 
of  its  mass,  form  one  of  its  most  curious  and  essen- 
tial features.  They  are  constantly  present  in  all  the 
upper  portions  of  the  formation,  but  are  ftec^ewtVj 
absent  in  the  lower  j  aflTording  a  cntenoxi  V^  ^\v\^ 
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tlie  two  may  be  distinguished.  Hence  the  mean- 
ing of  the  terms  upper  and  lower  chalk.  Flints 
freshly  taken  from  their  native  bed,  exliibit  in  their 
fracture  an  appearance  of  moisture.  Tliey  have 
indeed  been  produced  most  probably  by  the  infiltra- 
tion of  siliceous  water  through  the  particles  of  silica 
originally  deposited  among  the  chalk,  some  of  which 
are  still  to  be  discerned.  We  can  see  chalce- 
donies now  forming  by  the  percolation  of  water 
through  siliceous  substances.  The  presence  of  a 
sponge  or  alcyonium  seems  to  have  been  peculiarly 
favourable  to  the  formation  of  chalcedony  in  chalk. 
Wherever  chalcedony  occurs  in  flint,  a  careful 
examination  will  detect  traces  of  these  zoophytes. 
Beautiful  figures  are  oilen  produced  by  their  rami- 
fications, radiating  through  the  chalcedony ;  appear- 
ances which  become  more  visible  when  this  hydro- 
phanus  stone  is  plunged  in  water. 

Iron  pyrites  is  the  only  mineral  substance  com- 
mon to  all  the  chalks,  and  it  is  found  in  most,  if  not 
all  the  beds,  where  it  varies  in  size  from  a  pea  to  an 
orange.  The  nodules  are  crystalline,  with  a  fibrous 
and  diverging  fracture.  Enormous  blocks  of  car- 
bonate  of  Hmc  occasionally  occur. 

Organic  Remains. — The  individual  exuviae 
though  numerous,  belong  to  a  few  genera ;  and 
probably  not  a  single  species  will  be  found,  identi- 
cal in  all  its  characters  with  any  now  known  to 
exist.  Among  the  remains  of  vertebral  fish,  we 
may  specify  teeth  of  a  species  of  shark,  perhaps 
akin  to  the  sgualus  galeus,  two  varieties  of  the 
grinding  palatal  bones  belonging  to  unknown 
genera^  v/ith  vertebrBe,  and  acaVe*.     Oi  vftvi^'A'Ocviai; 
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univalves  we  have  the  following  genera;  ammo- 
nites,  scaphites,  belemnites;  but  the  first  rarely 
occurs  in  the  upper  chalk,  and  the  second  only  in 
the  lower.  The  varieties  are  peculiar  and  charac- 
teristic of  these  beds.  There  are  few  spiral  univalves 
in  the  chalk ;  though  they  abound  in  the  newer 
beds  above  it.  The  genera  trochus,  cirrus,  and 
turbo  are  mentioned.  Serpulfe  and  spirorbes  are 
not  uncommon.  Ostrea,  pecten,  terebratulte, 
magas,  plagiostoma,  dianchora,  inoceramus,  are 
genera  of  bivalves  which  occur ;  the  four  last  being 
extinct.  A  species  of  balanus,  of  the  multivalves, 
has  been  found.     See  Plate  V. 

'The  echinite  family  comprehending  spatan- 
gus,  cidaris  and  ananchytes,  may  be  deemed 
characteristic  of  the  chalk  formation,  affording  of 
itself  as  many  shells  as  all  the  other  testacea  do. 
Many  species,  and  one  entire  genus  are  peculiar  to 
it.  Thus  we  have  the  helmet 
shaped,  the  conical,  the  heart- 
shaped  Spatangus  Cor  angui- 
num,  (see  figure  on  margin;)  i 
the  spheroidal,  the  cidaris  { 
papillata,  cidaris  variolata ; 
See  Plate  V.  Of  the  star- 
fish (asterias)  4  species  are 
figured  by  Mr,  Parkinson  as  belonging  to  the  chalk 
in  his  beautiful  representations  of  organic  remains. 

Of  the  zoophytes,  the  family  encrinus  has  lefl 
several  genera  in  the  chalk  ;  pentacrinus  ;  straight 
enbrinus ;  bottle  encrinus ;  stag's  horn  encrinus ; 
which  are  all  extinct. 

The  tortoise  encrinus,  or  maraupVte  Awi  w:eut%. 
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It  is  known  merely  as  a  fossil,  and  is  peculiar  to  tlie 
clialk. 

Only  one  species  of  the  family  madrepore  has 
been  observed. 

Numerous    exuvise    have    been 

j,  found  of  the  families   Akyonium 

I  (see  figure  on  margin),  and  Spongia. 

Their  interior  substance  consists  of 

interwoven     fibres,    penetrated   by 

pores,  formed  by  reticulations  which 

sometimes  run  confusedly  together, 

and  wliich  at  others  are  regularly  decussated. 

The  chalk  formation  of  England  stretches  with 
little  interruption  from  Flamborough-head  to  near 
Sidmoutli,  foi-ming  a  range  of  hills  which  are  often 
pretty  high,  witli  tlieir  precipitous  escarpment 
generally  on  the  nortli-wcstern  side.  These  cli^ 
exhibit  at  their  summit  the  superior  soft  clialk, 
replete  with  horizontal  layers  of  flint ;  and  at  their 
bottom,  iiard  ciialk  with  few  flints.  Magnificent 
arches  open  into  the  mountain  mass  of  Flam- 
borough-head,  on  the  north,  forming  vast  porticoes 
to  its  immense  caverns,  some  of  which  are  exceed- 
ingly sombre,  while  otliers  give  a  cheerful  and 
romantic  passage  to  the  light.  In  the  Yorkshire 
and  Lincolnshire  wolds,  the  chalk  tract  has  an 
average  breadth  of  rather  more  than  six  miles. 
From  Bridlington  Bay  the  chalk  proceeds  inland, 
and  rises  into  hills,  which  have  nearly  a  western 
direction  for  about  1.5  miles,  with  their  escarpment 
facing  the  north.  These  hills  then  turn  southward, 
mid  terminate  at  the  Humhcr.  Near  the  eastern- 
most  point  of  the  Lincolnshwe  coasV^XfeecVsMiL^^ 
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beneath  alluvium,  whence  it  re-appears  on  the  north- 
■  western  point  of  Norfolk,   adjoining  the  Wash, 
From  Cambridge,  the  western  Umit,  it  runs  south- 
west, rising  at  liayston-downs  into  a  range  of  hills 
which  continue  through  Herts,  Bedfordshire,  and 
Buckinghamshire  to  Goring  in  Oxfordshire  ;  a  dis- 
tance of  about  7^  miles,  with  an  average  breadth  of 
15  miles.     It  is  there  crossed  by  the  valley  of  the 
Thames.      From    the   summit  of   its   north-west' 
escarpment,  it  declines  gradually  to  the  south-east, 
and  dips  beneath  the  upper  bed  of  the  London 
basin.     On  the  west  of  the  Thames,  the  chain  is 
continued  to  Marlborough-downs,  and  thence  to 
Bagdon-hiU  in  Wilts.     It  is  thus  connected  with 
the  cretaceous   district  of  Hampshire,   being  50 
miles  in  its  longest  diameter.     Its  shortest  from 
Borth  to  south,  is  about  20  miles.     This  vast  area 
1$  the  central  chalk  region,  from  which  its  branches 
diverge  over  the  island.  The  hills  above  Selboume 
form  its  limits  on  the  east ;  those  skirting  the  vale 
of  Warminster  on  the  west,  and  on  the  north.  Ink- 
pen-hill  to  the  south  of  Salisbury ;  its  highest  sum- 
mit  is  1011  feet  above  the  level  of  the  sea.    Much 
of  the  area  thus  circumscribed  lies  in  Salisbury 
plain.     Another  chain  is  detached  from  the  north- 
east angle  of  the  great  central  mass  near  Famham, 
extending  to  the  Straits  of  Dover  near  Folkestone 
to  form  the  North  Downs  of  Surrey  and  Kent. 
This  chain  bounds  the  London  basin  on  the  south, 
as  the  former  did  on  tlie  north.     Its  escarpment 
runs  from  west  to  east  by  Guildford,  Dorking, 
Seven  Oaks,  Maidstone,  Folkstone,  aivd  tlve  cViSfe 
of  Dover.     The  highest  point  vs  at  lioXXe^Av^, 
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The  Isle  of"  TTianet,  though  wholly  chalk,  is  not 
connected  with  the  preceding  chain,  but  is  sepa- 
rated by  a  trough  filled  with  the  materials  of"  iJie 
upper  strata,  out  of  which  its  beds  rise  towards  the 
nortli-east.  Between  Beachy-head,  and  Brighton, 
the  coast  section  of  the  chain  exhibits  a  magnificent 
range  of  chalky  clifls.  This  chain  descends  to  the 
south  beneath  the  tertiary  strata,  which  occupy  the 
basin  of  the  Isle  of  Wight  lliese  arc  bounded  on 
the  north-east  by  the  chalk-  Here  it  is  known  by 
tlie  name  of  the  South  Downs,  being  on  an  aAerage 
about  5  miles  in  breadth.  Its  liighest  point  is 
Bntser-hill  in  Hampshire,  917  feet  above  the  level 
of  the  sea. 

From  the  south  of  the  great  central  mass  near 
Salisbury,  a  chain  of  the  chalk  is  detached  through 
Dorsetshire,  to  bound  the  Isle  of  Wight  basin  on  the 
north-west.  It  extends  to  the  north  of  Beaminster, 
forming  Horn-hill,  which  is  its  extreme  point  of 
connexion  in  the  west  of  England,  exclusive  of  a 
few  outlying  masses,  reposing  upon  and  surrounded 
by  beds  of  green  sand.  At  the  peninsula  of  Purbeck, 
the  chalk  which  lies  usually  in  horizontal  beds. 
assumes  a  nearly  vertical  direction,  exhibiting  at 
Handfast  point  some  of  the  most  singular  phenomena  : 
in  stratification  which  geology  has  described. 

The  chalk  formation  presents  considerable  undu- 
lations of  surface,  rising  occasionally  into  hills 
remarkable  for  their  smooth  rounded  outline,  and 
deep  lateral  hollows  and  indentations.  These  Hills 
have  a  precipitous  escarpment  on  one  side,  which 
Jn  the  Yorkshire  and  Dorsetshire  range  is  to  the 
nortb-y^esU  with  a  gent\e  s\o^  to  \)fte  wiviJCtv-eaaXrf 
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The  ranges  are  frequently  broken  through  by  trans* 
verse  valleys,  the  manner  of  whose  connexion  with 
the  longitudinal  valleys  at  the  foot  of  the  chain, 
proves  that  they  have  not  been  excavated  by  the 
action  of  the  rivers  now  flowing  through  them. 
They  are  evident  results  of  diluvial  waters  scooping 
out  in  their  retreat  wide  troughs  among  these  semi- 
indurated  lands. 

The  aggregate  thickness  of  the  upper  and  lower 
chalk  is  estimated  by  Professor  Buckland  at  580 
feet,  each  of  the  two  beds  being  almost  equally 
thick.  Near  Dover,  however,  the  flint-chalk  is  480 ; 
that  without  flints  is  only  140 ;  at  Handfast  point, 
the  former  is  600,  and  the  latter  200  feet.  In 
many  places  tiie  total  thickness  is  1000  feet.  In 
digging  wells,  the  chalk  has  been  frequently  pierced 
very  deeply ;  near  Rathby  in  Lincolnshire,  to  300 
feet;  in  Bedfordshire,  to  400;  in  Kent  near  Sitting- 
borne,  to  363;  in  Surrey  near  Dorking,  to  440. 
But  we  do  not  know  that  any  of  these  perforations 
have  passed  through  the  chalk.  The  dip  of  the 
chalk  beds  is  in  general  inconsiderable. 

The  flinty  chalk  forms  everywhere  the  upper 
layer  of  this  great  deposit. 

Messrs.  Cuvier  and  Brogniart  represent  the  chalk 
deposit  as  forming  a  sterile  soil ;  and  adduce  Cham- 
pagne as  a  proof  of  its  being  in  some  cases  unin- 
habitable. In  our  country,  the  population  of  the 
chalk  district  is  less  dense  than  that  of  any  of  the 
other  secondary  strata,  but  it  is  always  habitable, 
and  therefore  productive  in  some  degree.  Dunstable 
Downs  and  Luton  Downs  in  Bedfordabvc^^  -<)tS!i^ 
the  Warden  White  Hills,  lie  indeeAas  taXaxe-V^. 
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them  over  a  tract  of  400  acres.  The  clialk  valleys, 
however,  are  often  extremeiy  fertile  ;  of  whicii  the 
Kent  and  Surrey  liop  grounds,  and  the  Downs  for 
pasturing  sheep,  afibrri  examples.  IJecch  is  the 
tree  best  fitted  for  a  chalkysoil.  The  Chiltern  hills 
in  Oxfordshire,  were  anciently  covered  with  thickets 
and  woods  of  beech,  which  aflbrded  harbour  to 
banditti.  Hence  the  steward  of  the  Chiltern  hun- 
dreds, formerly  an  employment  under  the  crown, 
has  become  a  nominal  office,  which  members  of 
parliament  take  under  a  fiction  of  law,  in,  order  to 
vacate  their  scats. 

The  lower  beds  of  the  chalk  formation,  are  with 
few  exceptions  filled  with  water,  which  percolatiag 

-from  above  is  arrested  by  the  subsoil  of  blue  clay. 
Thus  are  formed  the  springs  and  rivulets  which 
issue  near  the  foot  of  every  chalk  bill.  Most  of  the 
rivers  which  traverse  this  formation,  rise  in  the 
older  rocks  beyond  its  escarpment,  and  flow  along 
the  valleys  that  are  excavated  across  its  chain.  The 
chalk  is  oilen  nearly  dry  to  a  great  depth ;  the  well 
sunk  400  feet  at  Royston  in  Hertfordshire,  afforded 
BO  water.  For  particular  views  of  the  sections  of 
the  chalk  formation,  throughout  England,  I  refer 
to  Messrs.  Conybeare  and  Phillip's  excellent  work, 
p.  89,  et  »eq. 

On  the  coasts  of  France  opposite  to  the  English 
chalk  country,  a  series  of  sections  may  .be  observed 
almost  exactly  answering  both  in  character  and 
position  to  those  now  briefly  traced,  but  fully 
described  in  the  idiove  work,  demonstrating  that 
the  constituent  strata  had  been  continuous  at  some 

ancient  epoch.     The  correaijondiiigv^^^^'^"^''"**-^ 
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die  cliflTs  on  each  side  of  the  Straits  of  Dover  are 
too  remarkable  for  us  to  esteem  their  former  con- 
tinuity an  hypothesis.  That  the  connecting  mass 
has  been  apparently  washed  away  1>y  an  irruption 
of  the  sea,  may  be  inferred  from  the  fact  that  the 
(dialk  without  flints  on  the  west  of  Dover  is  not  less 
than  50  feet  in  thickness,  while  that  of  Cap  Blanc 
Nez  is  scarcely  30  feet  thick,  while  each  of  the 
superjacent  strata  is  thinner  in  the  same  proportion 
on  the  French  point,  that  at  Dover.  Hence  the 
heights  of  the  cliii^  on  the  opposite  shores  is  very 
different;  that  immediately  on  the  west  of  Shake- 
^)eare'3  Chff  being  at  least  500  feet,  while  that  of 
Cap  Blanc  Nez  is  not  more  than  SOO.  It  may 
therefore  be  concluded  that  the  strata  in  the  neigh- 
bourhood of  Calais  once  constituted  a  part  of  that 
tract  now  termed  the  chalk  basin  of  London.  The 
chatk  chains  between  the  two  countries  may  have 
had  originally  a  lower  level  than  on  either  side, 
whence  the  work  of  excavation  would  be  easier. 

From  the  low  and  marshy  grounds  near  Calais, 
between  that  town  and  Uisant  a  range  of  chalky 
cU^  faces  those  of  Dover,  exhibiting  like  interior 
subdivisions;  viz.  1,  Chalk  with  flints  on  the  sum- 
mit of  the  cliffs  J  then,  2,  Chalk  with  few  flints ;  3, 
A  bed  with  organic  remans;  4,  Chalk  without 
flints ;  5,  Gray  chalk.  The  strata  rise  under  a  low 
angle  westward,  and  near  St.  I^ol,  as  at  Folkstone, 
are  succeeded  by  the  substrata  of  blue  marl,  and 
green  sand.  At  Treport,  about  12  miles  eastward 
of  Dieppe,  the  principal  range  of  the  chalk  cliife  on 
the  French  coast  commences,  from  vjhicVv  "^wav^ 
they  extend  about  60  miles  to  Cape  \a.  HeNft  Tv^ai 
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the  mouth  of  the  Seine,  exhibiting  a  broken  buried 
of  a  dazzling  white.  Near  Cape  de  Caux,  are 
some  remarkable  insulated  pynunids  of  chalk 
resembling  iniferm  and  cimunstances  the  Needles 
of  the  Ide  of  Wight  They  are  also  called  les  AU 
guilles.  The  most  lofty  and  striking  point  of  these 
diffi  is  at  Fecamp,  what  the  h«ght  is  about400feet: 

CHAP,  v.— STRATA  ABOVE  THE  CHALK.  OR  TERTIARY 
ROCKS. 

These  consist  of  various  beds  of  sand,  day,  raarly 
and  imperfectly  consolidated  limestone.  They 
occupy  two  extensive  tracts  in  England,  each  cir- 
cumscribed by  the  hills  of  the  chalk  formation, 
excepting  where  the  line  of  sea-coast  crosses  their 
areas  and  conceals  their  continuation.  The  most 
northerly  of  these  subjacent  chalk  strata  is  denomi- 
nated the  London  basin,  the  southern  is  the  basin 
of  the  Isle  of  Wight.  The  boundary  of  the 
first  of  these  basins  may  be  defined  generally  by  a 
line  drawn  from  the  inner  edge  of  the  chalk,  soutli 
of  Flamborough-head,  nearly  southward  till  it 
crosses  the  Wash,  then  south-west  to  the  upper  part 
of  the  valley  of  the  river  Kennet  near  Hungerford 
in  Wiltshire,  and  thence  tending  stmtli-east  to  the 
north  of  the  Thames,  and  the  nortli-west  angle 
of  the  Isle  of  Thanet  In  all  these  directions,  the 
chalk  hills  form  the  outline ;  while  tlie  German 
Ocean  is  the  eastern  boundary.  The  Isle  of  Wight 
basin  is  similarly  circumscribed  by  chalk  hills. 

The  Tertiary  Rocks  are  as  follows  : 
I.  Rastic  Clay,  immediately  over  the  chalk. 

II.  London  Clay. 
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.    III.  Fresh  Water  formations. 

IV.  Upper  Marine  formation ;  Crag  and  Bag- 
shot  sand. 
;  5  r.  PLASTIC  clay  formation. 

-  Viewed  as  a  whole  this  formation  consists  of  an 
indefinite  number  of  sand,  clay,  and  pebble  beds, 
m  irregular  alternation.  In  England,  the  sands  are 
the  most  extensive  of  these  deposits  ;  among  which 
the  clay  and  pebbles  are  subordinately  placed  at 
unequable  intervals.  On  attentive  investigation 
ever  a  wide  surface,  these  alternate  layers  above 
the  chalk,  will  be  found  to  form  only  one  nearly 
contemporaneous  series,  between  the  chalk  and  the 
London  clay.  The  plastic  clay  of  the  Paris  chalk 
basin  consists  commonly  of  two  beds  separated  by 
a  stratum  of  sand,  of  which  the  lower  is  properly 
the  p]a.stic  clay.  It  is  unctuous,  tenacious,  with 
some  siliceous  matter,  but  no  calcareous,  and  quite 
refractory  in  the  furnace,  provided  that  there  be 
little  iron  intermixed.  Its  colour  is  very  variable  ; 
white,  gray,  yellow,  gray  mixed  with  red,  or  almost 
pore  red.  The  clay  is  used  according  to  its  quality, 
for  fine  or  coarse  pottery.  The  French  sands  have 
sL  great  variety  of  colours.  In  the  lower  strata  of 
the  Paris  plastic  clay  bed  an  imperfect  coal  occurs. 
■  In  England  the  sands  of  this  formation  are  in 
some  places  of  an  almost  infinite  variety  of  colours, 
(  as  at  Alum  Bay  on  the  coast  of  the  Isle  of  Wight, 
and  it  is  sometimes  aggregated  into  sandstone. 
The  clays  differ  in  colour  and  quality,  and  are  some- 
times laminated.  They  are'cJfled  fire-clay,  brick- 
cBy,  pipe-clay,  and  potter'8-c\ay  ■,  V\ve  Vwo  \a.'As« 
occur  at  Pooie  and  the  Isle  of  VJ"\g\vV.    "fte^'i  o't 
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wood  coal  have  been  observed  in  the  Isle  of  Wight, 
in  Dorsetshire,  and  at  Newhaven  ;  and  ftiUer's  earth 
in  the  beds  at  Catsgrove  near  Ileadinj?,  and  on  the 
Edgeware  road.  In  all  these  particulars,  a  close 
analogy  exiatsbetweentheFrench  and  Euglisii  basins. 

Pyrites,  selenite,  fibrous  gypsum,  and  tubular 
ironstone,  are  tlie  mineral  contents  of  this  fonnation. 
Tliey  occur  in  veins.  There  are  also  nodules  of  a 
dark  coloured  limestone. 

Among  the  organic  exuviffi  of  the  plastic  clay 
beds,  we  have,  ostrese,  cerithia.',  turritellie,  cy- 
therea;,  cyclades,  &c.  along  with  tlie  teeth  of  fish, 
woody  fibre  passing  into  coal,  occasionally  exhibit- 
ing unchanged  branches  and  leaves  of  plants. 
Fossil  bones  have  been  also  noticed  in  it,  near 
Margate.  These  exuviae  are  as  irr^ularly  distri- 
buted, as  the  constituent  layers  of  the  formation 
itself  J  for  they  appear  sometimes  in  the  clay,  and 
sometimes  in  the  sand  and  pebbles,  and  are  often 
absent.  Thus,  for  example,  we  find  no  vestige  of 
animal  or  vegetable  bodies  in  any  of  the  strata  of 
the  plastic  clay  at  Reading  in  Berkshire,  except  in 
the  occasional  green  sand.  The  same  barrenness 
is  to  be  observed  in  the  purest  plastic  clay  of  Paris, 
and  of  the  Isle  of  Wight  and  Corfe  Castle. 

Mr.  Webster  has  ascertained  that  the  vegetables 
in  this  formation  at  Newhaven,  agree  with  those 
found  in  the  Paris  basin.  One  of  them  was  the 
fruit  of  the  palm-tree,  furnishing  another  instance 
of  the  presence  in^jaur  cold  strata  of  the  exotics  of 
a  hot  climate.  Thlif  formation  visibly  discovers  it- 
selfas  superjacent  on  U\e  London  chalk,  and  is  sees ' 
to  skirt  the  whole  strata  of  tiaeljoft^vi  <^-;j  VbwSo. 
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covers  it.     For  the  range  and  extent  of  the  English 
plastic  clay,  see  GeoL  qf  Eng.  p.  89.     The  thick- 
ness of  this  formatioa  does  not  seem  to  have  been 
ascertained  in  many  points.     Chalk  has  been  found 
beneath  its  surface  near  Wormley  Bury  in   Hert* 
fordshire,  just  beyond  the  boundary  of  the  clay,  at 
100  feet  below  the  surface,  which  appears  to  be  its 
thickness  also  ne^r  London.     Round  Woolwich  it 
sometimes  amounts  to  nearly  200  feet.     In  the  lale 
of  Wight,  the  apparent  thickness  is  no  less  tlian 
1100  feet,  which  is  probably  from  being  squeezed 
1^  by  violent  lateral  pressure,  into  a  vertical  posi- 
tion, a  result  quite  compatible  with  the  loose  state. 
(Fig.  Conyb.  pi.  2,  fig.  6.)     In  dip,  the  plastic  clay 
usually  conforms  to  the  subjacent  chalk.     The  fol- 
lowing downward  section  of  strata  at  Catsgrove  hill 
near  Reading,  will  give  an  accurate  idea  of  the  ter- 
tiary formations,  and  the  plastic  clay  beds  in  that 
locality. 

SECTION  OF  CATSGROVE  HILL,  NEAR  READING. 

FB«t. 

1.  Alluvium  of  clay,  sand  and  gravel,  covered  with  vegetable  mould. 

2.  Soft  loam,  of  soft  sand  mixed  with  flakes  of  ash-coloured  clay, 

with  much  iron  shot  and  pyritous  nodules  in  the  lower  portions,  1 1 

3.  Dark  red  clay  partially  mottled  and  mixed  with  gray  clay,  .  4 
4w  Light  ash  coloured  clay,  mixed  with  fine  san  d ;  used  for  bricks,  7 
&.  Fine  micaceous  sand,  laminated,  with  clay  and  iron-shot ;  used 

for  making  tiles,  .         .....         •         •     4    . 

6.  Bed  called  the  White  vein.     An  ash-colourcd  sand,  mixed  with 

a  little  clay ;  used  for  bricks, 5 

7.  Dark  red  clay  mottled  with  blue,  with  a  little  iron-shot ;  used 

for  tiles, 6 

8.  Lowest  brick  clay,  of  a  light  gray  colour,  mixed  with  fine  sand, 

and  a  little  iron-shot, 5 

'  9.  White  sand  used  in  brick  making, 4 

10.  Fuller's  earth,  ....,...,    7» 

IL  Fe/yoH'isA /7uart2ose  sand,  with  a  few  green  p»x\^c\^«>        «        •    ^ 
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IS.  Siliceoui -Mnd  mixed  with  particles  of  grpeo  earth,  containing 

chalk  flints,  bolb  angular  and  rolled,  oysters,  witli  many  smnll 

and  nearly  cylindrical  teeth  of  lish,  from  an  inch  to  I-I2th  in 

'         lenph 3 

57 
IS'  ChaJk  contaiiung  the  usual  fossils  and  flinU,  depth  unknown. 

The  red  clay  of  Reading  (No.  7-)  is  quite  idehti- 
cal  with  that  of  Meudon  in  France.  The  oyster 
shells  of  No.  12  are  remarkably  perfect  when  first 
laid  open,  and  seem  to  have  suffered  no  mineralisa- 
tion ;  but  they  soon  fall  to  pieces  on  exposure  to 
air,  having  lost  their  albuminous  cement.  The 
angular  flints  seem  to  have  proceeded  from  the 
partial  destruction  of  the  immediately  subjacent 
chalk,  the  upper  surface  of  which  in  contact  with ' 
the  sand  is  considerably  decomposed  to  the  depth 
of  about  a  foot.  Its  fissures  and  numerous  small 
tubular  cavities,  probably  caused  by  the  decay  of 
organic  substances,  are  filled  with  granular  particles 
of  the  green  earth  and  siliceous  sand  of  theincum- 
bent  stratum.  Many  of  the-  subdivisions  noted  in 
the  above  section,  do  not  appear  in  other  places, 
showing  the  irregularity  of  the  interior  distribution 
of  the  strata.  Several  other  instructive  sections 
will  be  found  in  the  Geology  of  England,  p.  44,  et  seq. 

5  II.  LONDON  CLAY, 

This  great  argillaceous  formation  is  highly  inter- 
esting from  tile  variety  of  its  organic  remains,  both 
animal  and  vegetable,  and  from  the  conclusions 
which  these  warrant,  that  as  their  species  can  be 
completely  identified  in  but  a  few  instances  with 
recent  analogues,  the  London  clay  is  therefore  a. 
much  more  ancient  deposit  t\vaTv  Ajive  \>e^  \to,to»- 
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diately  over  it,  which  do  contain  specimens  of  exist- 
ing species.  The  same  inference  follows  from  the 
London  clay  having  been  raised  into  a  vertical 
position  in  the  Isle  of  Wight,  while  it  lay  uncov- 
ered ;  for  the  upper  beds  now  repose  horizontally 
on  its  truncated  upright  edges.  It  must  have  lain 
a  sufficient  time  to  acquire  solidity  before  being  so 
lifted  up,  and  covered  with  the  newer  horizontal 
deposits. 

This  formation  is  composed  almost  wholly  of 
Uaish  or  blackisii  clay,  of  a  very  tough  quality.  A 
£ew  of  its  strata,  indeed,  are  sometimes  of  a  marly 
nature,  effervescing  somewhat  briskly  when  im- 
n^ersed  in  an  acid.  It  contains  a  great  deal  of  green 
earth  in  the  Isle  of  Wight ;  considerable  beds  of 
sandstone  occasionally  occur,  as  the  Bognor  rocks, 
the  Bams  rocks,  the  Roundgate  and  Street  rocks, 
and  Mixen  rocks  to  the  south  of  Selsea.  Beds  of 
stratified  limestone  appear  in  the  clay  clifis  near 
Harwich  in  Essex.  The  following  section  of  a  well 
at  Twyford  near  Acton  in  Middlesex,  will  show 
ih»  interior  structure  of  this  formation. 

SECTION  OF  LONDON  CLAY. 

I.  Yellow  clay, 38 

8,  Lead  coloured  clay,  containing  some  fossil  wood  at  18S, 
^  and  sheila  at  200  feet  from  the  surfoce,       .         .         .   170 

a  Rock,  ] 

4.  Sand  and  clay  with  pebbles,  3 

5.  Variegated  clay,  red,  blue  and  black,'  ...     38 

6.  Sand  and  water,  thin> 

7.  Clay. 

The  section  at  the   Highgate  tunneV,  fefiVwa^ 
the  Allowing  strata. 
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I.  Diluriul  dctritii3  consUling  of  fliot  anil  gmvcl,  siLnd,  and 

loani,  occBBiona]];  concreted  hy  inm, 
i.   Lonm  with  a  few  marly  caiicretioiii,  but  no  sc[>UnB,  peb- 

bles,  or  shetli,   ......         .         . 

3,  Blue  clay  with  ueptaria  and  shells,  hnrdi-at  in  the  lowest 


The  cakalre  grassier  of  the  Paris  strata,  which 
iieN  immediatdy  under  the  surface  of  the  soil  and 
diluvium,  corresponds  most  nearly  in  its  fossilt!,  utid 
its  geological  relations,  with  the  London  clay  of 
the  English  series.  It  is  used  in  that  capital  as  a 
building  stone.  No  beds  have  bLun  discovered  in 
the  London  basin  which  make  a  nearer  approach 
to  the  French  lime-crag  in  chemical  and  extemfl. 
characters  than  the  calcareous  sandstone  patches 
above  mentioned. 

Whenever  the  London  clay  occurs  in  a  clif^  or 
has  been  laid  open  in  sinking  wells,  it  has  been 
found  uniformly  to  contain  nearly  horizontal  layers 
of  ovate  or  llattish  masses  of  argillaceous  limestone. 
These  have  been  called  septaria,  because  they  gene- 
rally exhibit  the  appearance  of  having  been  tnu 
versed  in  various  directions  by  fissures,  afterwards 
filled  up  wholly  or  partially  by  calcareous  spar  or 
sulphate  of  barytes.  They  were  considered  at  one 
time  as  characteristic  of  the  London  clay ;  but 
they  are  not  uncommon  in  the  superficial  clay  beds 
of  coal  districts.  They  abound  in  such  a  degree  in 
the  lias  at  Whitby,  as  to  have  acquired  for  the  stra- 
tum in  which  they  lie,  the  name  of  cement  stone, 
as  already  mentioned  under  that  head. 

The  I/>ndon  clay,  therefore,  is  a  vast  argillaceous 
deposit,  containing  subordinate  Wis  o5  ca^caitova 
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concretions,  which  sometimes  form  solid  rocks,  but 
these  partial  changes,  never  affect  the  general  char-^ 
acter  of  the  formation. 

Interspersed  through   it,  we  find  sulphuret  of 
iron,   selenite,  and  sometimes  phosphate  of  iron, 
substances  which  impregnate  any  water  which  issues 
from  this  stratum,  and  make  it  unfit  for  domestic  use. 
The  mineral  copal  or  resin  which  was  discovered  in 
excavating  Highgate  archway,  though  manifestly 
a  vegetable  product,  may,  in  its  fossil   state,   be 
classed  among  the  contents  of  this  formation.     In 
the  gravel  about  London,  amber  has   also  been 
found,  as  also  in  the  cliffs  of  brown  clay  on  the 
coast  of  Holdemess,  in  the  south  of  Yorkshire.     It 
may  most  probably  be  assigned  to  the  London  clay, 
since  it  occurs  in  the  contemporaneous  formations 
of  Europe,  in  Italy,  France,  and  especially  Prussia, 
associated  with  a  vast  quantity  of  vegetable  remains. 
Few  mineral  strata  claim  a  greater  interest  than 
this  formation  does,  by  its  organic  remains.    Among 
the  amphibious  class  of  the  higher  orders  of  animals, 
we  find  here  crocodiles  and  turdes  ;  proving  that 
the  shores  of  some  dry  land,  where  these  creatures 
could  deposit  their  eggs,  must  have  lain  within 
an   accessible   distance   of  their   abode.     Several 
species  of  vertebral  fish,  are  found  in  fine  preserva^ 
tion,  which  merit  the  study  of  the   comparative 
anatomist.     Among  crustaceous  fish  we  may  enu- 
merate species  of  the  crab  and  the  lobster. 

"  TThe  testaceous  exuviae  are  very  numerous,  and 
so  well  preserved,  as  to  have  the  freshness  of  recent 

shells.     With  respect  to  generic  clv^x^ctex^  \3cskc^ 
are  few  existing  shellfish  whicli  are  wol  TeYt«^«* 
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by  types  in  the  London  clay  ;  but  in  specific  char- 
acter there  is  a  frequent  ditterence.  Of  the  extinct 
genera  which  arc  so  common  in  the  deeper  seated 
strata,  few  specimens  occur  in  this,  showuig  the 
intermediate  epoch  of  its  formation.  Thus  though 
nautilites  resembling  those  of  the  Indian  seas  are 
stU!  common,  ammonites  and  belemnites  are  so  rare, 
as  to  render  it  doubtful  if  any  be  really  biuied  in 
the  clay.  Ammonites  and  belemnites  may  occur 
superficially  which  have  been  detached  and  drifted 
from  the  inferior  oolites.  Echinites  so  common 
in  the  chalk,  are  seldom  seen  in  this  superior 
stratum. 

M.  Defrance  has  collected  in  the  corresponding 
geological  formation  at  Grignon,  near  Paris,  800 
different  species  of  shells,  besides  serpulte,  siliqua- 
lia,  dentalia,  and  a  few  echinites  and  madrepores. 
It  is  probable  that  if  an  equally  skilful  and  zealous 
conchologist  were  to  explore  the  Hordwell  cUffin 
Hampshire,  "he  would  find  corresponding  species, 
and  numbers  of  shells.  In  the  lower  beds  of  the 
French  calcaire  grossier  at  Liancourt,  Mr.  Webster 
observed  an  exact  accordance  in  organic  remains 
with  the  beds  of  the  London  clay  at  Stubbington. 

Zoophytes  and  encrinites  are  likewise  very  rare. 
Portions  of  wood  occur,  which  are  fibrous  at  one 
time  and  charred  at  others.  These  exhibit  the  per-  ' 
forations,  and  even  contain  the  casts  of  an  animal 
analogous  to  the  teredo  navaUs,  or  borer,  which 
row'  commits  great  havock  on  the  planks  of  ships 
in  tropical  seas.  In  the  heart  of  the  nodules  of 
argillaceous  limestone,  ■which  resemble  septaria,  a 
wooden  nucleus  is  frequently  fouM.    TV\e?.e-  -maases. 
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also  contain  shells,  that  possess  their  fresh  pearlj 
lustre. 

The  most  curious  vegetable  remains  of  this  for- 
mation, are  those  of  fruit  and  ligneous  seed-vessels 
found  in  vast  profusion  and  variety  in  the  Isle  of 
Sheppey.  Mr.  Crowe  of  Faversham,  has  made  a 
collection  of  seed  vessels  from  this  locality,  amount- 
ing to  no  less  than  70O  different  varieties,  of  wliich 
very  few  agree  with  any  existing  seed  vessels  known 
to -botanists. 

A  few  of  the  same  vegetable 
remains  have  been  found  like- 
wise on  the  opposite  shore  m 
Essex,  as  also  at  Kew.  Among 
Mr.  Crow's  specimens  are  many 
which  belong  to  tropical  cli- 
mates. Some  are  evidently  a 
species  of  cocoa  nut,  and  others 
are  varieties  of  spices. 

of  cflco  ttvt  j  ft™  Bhvpptj. 

"  The  evidence  of  a  neighbouring  region  of  dry 
land  seems  attested  by  these  vegetable  remains, 
(which  from  the  state  in  which  they  are  found  can 
scarcely  be  supposed  to  have  been  drifted  from  any 
great  distance,)  as  well  as  by  the  occurrence  of  the 
amphibia  before  mentioned.  We  can  scarcely  resist 
the  temptation  of  asking.  What  was  that  Micient 
land  ?  had  any  part  of  England  then  raised  its  bead 
above  the  waves  ?  Does  it  not  sound  extravagantly, 
.even  to  inquire  whether  its  oldest  and  highest 
mountain  tracts  then  formed  a  groupe  of  spice 
islands  frequented  by  the  turtle  and  crocodile? 
Speculations  like  these,  though  utiavo\4afeVj  %\i%- 
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gested,  almost  give  the  features  of  lomance  to  the 
sober  walks  of  science."— Con^deortf,  Geology  ftf 
England,  p.  30. . 

Wherever  the  sea  has  broken  up  the  .solid  day* 
numbers  of  its  imbedded  fossils  come  into  view ;  as 
in  Harwich  clifi  in  Essex ;  in  those  on  the  north 
of  the  Isle  of  Sheppey ;  and  especially  those  betweea 
Hordwell  and  Chrlstchurch  on  the  south-west  of 
Huiipshire. 

This  clay  forms  the  upper  stratum  of  the  London 
chalk  basin,  except  where  it  is  covered  with  the 
sands  of  the  upper  marine  formation,  as  on  the 
surface  of  Highgate-hill,Bagshot,  Frimby,  Furbrigfat 
heaths,  &c. ;  or  by  alluvial  and  diluvial  gravel,  and 
loain.  The  London  clay  stratum  constitutes  a  very 
considerable  part  of  the  soil  of  Suffolk,  nearly  the 
whole  of  Essex,  including  Hainault  and  Epping 
Forests,  down  to  the  sea,  the  entire  surface  of  Mid- 
dlesex, with  portions  of  Surrey,  Berkshire,  and 
Kent.  Here  it  is  seen  on  the  northern  side  of  the 
Medway  j  it  constitutes  the  Isle  of  Sheppey  j  the 
cliff  from  Whitstable  to  the  Reculver  north  of  Can- 
terbury, and  thence  westward  to  Houghton  HUL 
It  is  also  very  extensive  in  the  chalk  basin  of  the 
Isle  of  Wight  The  whole  coast  from  Worthing  in 
Sussex  to  Christchurch  in  Hampshire  is  formed  of 
this  clay  bed.  Thence  it  extends  inland  by  Ring- 
wood,  Romsey,  Fareham,  to  Worthing,  composing 
the  sur&ce  soil  except  in  a  few  places  where  it  is 
covered  by  sand  or  alluvium.  In  the  Isle  of  Wight, 
it  extends  in  a  dislocated  upright  position,  all  along 
'from  Alum  Bay  on  tlie  west,  to  Whitecliffe  Bay  on 
the  east    Its  two  planes  iVxevtfote  ^totvV  *to  ^t  wiMiiift. 
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and  north.  The  former  is  faced  up  by  the  nearly 
vertical  beds  of  the  plastic  clay  formation,  which 
had  been  uplifted  with  it ;  and  the  latter  is  covered 
above  with  nearly  horizontal  layers  of  the  fresh- 
water,  and  upper  marine  formation. 

The  highest  elevation  of  tlie  London  clay  beds, 
is  the  summit  of  High  Beech  in  Essex,  759  feet 
above  the  level  of  the  sea.  On  the  northern  half  of 
the  Isle  of  Sheppey,  the  London  clay  is  observed  at 
90  feet  high,  stretching  4  miles  in  length,  and 
declining  gradually  towards  the  east  and  west. 
Whole  acres  of  the  cliffs  are  sometimes  broken 
down  at  once  into  the  sea.  Since  the  days  of 
Henry  the  Eighth,  the  sea  has  by  this  action, 
encroached  about  a  mile  on  the  north-west  coast  of 
the  Isle  of  Thanet ;  the  church  of  Reculver  which 
has  had  its  wall  and  half  of  its  yard  now  washed 
away,  having  been  in  those  times  at  the  above  dis- 
tance. In  thickness  the  London  clay  bed  is  very 
variable.  At  a  spot,  one  mile  east  of  London,  it 
has  been  found  only  77  feet  thick  ;  at  Tottenham, 
110;  at  White's  Club-house,  St.  James's,  235;  while 
in  Portsmouth  ^66  feet  were  perforated  without 
passing  through  the  clay.  It  is  said  to  have  been 
dug  into  at  lord  Spencer's  at  Wimbledon  in  Surrey 
to  the  depth  of  530  feet  without  getting  through  it. 
At  High  Beech  in  Essex,  its  thickness  cannot  be 
less  than  700  feet  With  the  singular  exception  of 
the  Isle  of  Wight,  the  beds  of  tlie  London  clay  are 
nearly  horizontal.  Its  mechanical  disturbance  is 
here  demonstrable.  Among  the  vertical  strata  of 
the  plastic  clay  formation  of  this  island^  theic^  \%  ^ 
thick  layer  of  rolled  chalk  Jiints^   ^lawdSxv^  \i\stf:> 
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Upright,  which  must  have  been  thrown  into  this 
position  from  the  6at  posture  in  which  gravitation 
originally  strewed  them.  The  disturbing  force 
seems  to  have  operated  with  the  greatest  effect  in  a 
lateral  direction.  The  central  line  or  axis  along 
which  it  has  acted  may  be  traced  nearly  east  and 
west  to  the  extent  of  no  less  than  60  miles,  viz. 
from  the  eastern  end  of  the  Isle  of  Wiglit  to  Abbots- 
bury  in  Dorsetshire.  The  vertical  chalk  beds,  which 
have  also  partaken  in  this  great  dislocation,  termi- 
nate indeed  at  Whltenose,  but  a  highly  inclined 
saddle  of  the  substrata  may  be  traced  in  the  pro- 
longation of  the  same  line.  i 
The  first  section  of  this  extraordinary  stratum, 
in  advancing  westwards,  is  seen  at  Culver  Clifis,  & 
magnificent  range  of  precipices  near  the  east  end  of 
the  isle,  forming  a  promontory  which  separates 
Whitecliff  bay  on  the  north-east,  from  Sandown 
bay  on  the  the  south-west.  The  superstrata  of  the 
plastic  clay  and  sands  may  be  observed  at  White- 
cliff  in  an  upright  position,  forming  low  clifis. 
Immediately  to  the  south,  the  chalky  strata  tower 
to  a  stupendous  height,  with  an  inclination  to  the 
horizon  of  about  70".  Southwards,  round  the  cape, 
this  angle  falls  to  50°.  The  direction  of  the  dip  is 
north-north-east  All  the  beds  of  chalk  towards 
what  had  been  their  upper  side,  contain  alternating 
strata  of  flint-nodnles,  the  whole  of  which  with  the 
exception  of  a  few  detached  ones  in  the  body  of  the 
strata,  are  in  a  most  extraordinary  condition ;  broken 
in  every  direction  into  fragments  varying  from  three 
iadies  dianieter,  to  impalpable  particles.  Yet  tbh 
t^_  so  shivered,  by  some  TOysVei\ov»  cn'cv«>Misws&, 
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retaJD  their  outward  form  and  posiUon  in  the  bed. 
The  chalky  coating  still  invests  them  undisturbed. 
When  this  is  removed,  fine  lines  are  perceived  which 
correspond  to  the  internal  fractures,  as  we  see  in  a 
piece  of  unannealed  glass,  cracked  by  a  scratch. 
Likethe  glass,  too,  the  flints  fall  asunder  when  moved. 
The  fragments  are  all  as  sharp  and  irregular  as 
possible,  but  devoid  of  crystalline  arrangement. 

The  London  clay  is  an  extremely  dense  soil, 
rendered  productive  round  the  metropolis  only  by 
excessive  working.  It  is  almost  impervious  to 
vater,  and  containing  besides  much  saline  matter, 
cannot  be  expected  to  give  origin  to  good  springs. 
But  the  alluvium  above  the  clay,  affords  a  very 
considerable  supply  of  water.  What  rises  from  the 
sands  of  the  plastic  clay  strata  beneath,  is  limpid 
fud  sofl,  gushing  up  so  suddenly  after  cutting 
through  the  L-ondon  clay,  that  the  welldigger  is  in 
danger  of  being  drowned  at  the  instant  of  its  issue. 

§  III.  LOWER  FRESHWATER  FORMATION. 

This  is  but  a  partial  deposit  occurring  particu- 
larly at  Headcnhilt,  Isle  of  Wight,  in  a  series  of 
beds  of  sandy,  calcareous,  and  argillaceous  marls, 
mingled  oflcn  with  a  little  coaly  matter.  Some  of 
these  ap])ear  to  consist  almost  wholly  of  the  frag- 
ments of  freshwater  shells,  many  sufficiently  entire 
to  show  their  species. 

Section  0/  Sirulead  Quarria,  iUmtrative  ^  Ihii /onaalioa- 
On  the  fiuiiimit  lies, 

1.  Jttue  clay,  conCaiiiing  inenj  loose  masses  from  the  Upper 
freshwater  forniotioti  of  variable  thicknciis. 
'  S.  Limestone  composed  o(  coarse  fragmcnU  ot  ttedtvMcr  «Ve\\H,  % 

&  Do.  in  smaller  fngmeota, -         .    ^ 

2  A 


I 
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*.  LhuMtone  finer,         . B 

a.  Do,  ...         . 1^ 

6.  SUicifuroiis  limeitanc, 11 

7.  While  shell  marl, O} 

9.  Siliciferous  iimeslone, Oi 

.  9.  Sand,  0| 

^0.  Siliceous  liineatone  rag, 0} 

11.  Sand,        .        .  .......  50 

te  Blue  da;,  depth  unknowD. 

The  organic  remains  of  the  above  beds  are 
lynineus,  plaaorbis,  and  cyclostoma,  perhaps  the 
helix,  and  a  bivalve,  resemUing  the  fresh  water 
muscle.  No  marine  cxuvia;  have  been  detected  in 
these  beds.  This  formation  at  Headen  hill  is 
extremely  irregular  in  its  range,  and  cannot  be 
continuously  traced  for  more  than  a  few  hundred 
yards,  so  that  it  is  to  be  seen  only  in  apparently 
insulated  masses,  emerging  from  beneath  the  mouU 
dering  slope.  The  whole  of  the  north  end  of  the 
Isle  of  Wight  has  been  referred  to  the  fresh  water 
formation,  but  the  confusion  of  the  strata  is  so 
great,  that  it  is  difficult  to  find  any  of  them  in  their 
original  seats.  Hence  fresh  and  salt  water  shells  are 
intermixed  on  the  west  and  north  coasts,  though 
now  and  then  they  occur  in  alternate  layers.  This 
formation  may  be  traced  to  a  considerable  distance 
east  of  Ryde,  perhaps  as  far  as  Nettlestone.  Its 
greatest  height  is  90  feet ;  its  greatest  thickness 
63.     In  the  above  section  it  is  only  14. 

5  IV.  UPPER  FRESH  WATER  FORMATION. 

This  lies  above  the  pieceding  bed,  separated  from 
it  by  a  6-inch  seara  of  aaui.     \V  v?.  tcwettWj 
fuvium,  as  on  the  sumnvA  oS^eaAeftV«\-    '\\*s. 
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upper  fresh  water  stratum  is  a  yellowish  white  marl, 
containing  a  large  proportion  of  calcareous  matter. 
It  is  the  best  characterised  bed  of  Headen  hill,  and 
contains  crystalline  veins  of  pure  carbonate  of  lime, 
along  with  abundance  of  the  same  fresh  water  shells 
enumerated  above,  unmixed  with  any  marine 
exuviae.  It  extends  to  many  parts  north  of  the 
middle  range  of  chalk  hills.  In  the  neighbourhood 
of  Calbourne,  and  onward  to  Thorley,  several 
quarries  have  been  opened  in  it,  which  yield  an 
excellent  durable  stone.  This  bed  forms  the  upper 
part  of  Headen  hill,  400  feet  above  the  sea,  and  is 
55  feet  thick.  Elsewhere  it  occupies  low  situations. 
The  occurrence  in  England  of  a  distinctly  marked 
fresh  water  formation  was  first  observed  by  Mr. 
Webster,  Sec.  Geo.  Soc,  and  it  may,  generally 
speaking,  be  considered  as  limited  to  a  portion  of 
the  Isle  of  Wight.  We  should  be*  careful,  says  the 
Rev.  W.  D.  Conybeare,  not  to  confound  these  fresh 
water  strata,  which  from  their  alternation  with  the 
regular  marine  formations,  clearly  belong  to  a  period, 
anterior  to  that  at  which  our  continents  finally 
passed  into  their  present  condition,  with  the  occa- 
sional occurrence  of  fresh  water  shells  in  alluvial 
tracts,  belonging  possibly  to  a  very  recent  date,  and 
certainly  to  one  less  ancient  than  ihe  above.  Near 
Kew,  in  Surrey,  land  and  river  shells  were  found 
in  sand  and  gravel  overlying  the  remains  of  ele- 
phants, &c.,  and  therefore  certainly  posterior  to  the 
catastrophe  which  inhumed  these  animals.  Though 
many  of  the  shells  found  on  Headeu  Vv\VV^  V^^  \5«^ 
and  brittle,  they  are  quite  entire  \  ^wVv^xvc^^  \\.  *^ 
inferred,   that   the  shellfish  must  Vvwe  \vN^  «A- 
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(lied  on  the  spot,  and  that  what  is  now  considerably 
elevated  must  have  been  once  the  bottom  of  a  fresh 
water  lake,  which  was  twice  within  the  bosom  of 
freshwater,  and  in  the  interval  covered  by  salt 
water.  The  freshwater  tbrmation  of  England  has 
none  of  the  beds  of  gypsum,  found  in  the  French 
strata,  replete  with  bones  of  extinct  quadrupeds. 
The  lower  freshwater  formation  has  been  observed 
at  Hordwell  Cliff,  Hampshire.— Geo/.  Trans,  'id 
series.  Vols.  I.  &  II. 

J  V.  UPPER  MARINE  FORMATION. 

■  1 .  This  13  observed  in  three  districts ;  that  of  Suf- 
folk,  where  the  deposit  on  the  London  clay  appears 
as  a  sand  or  gravel  enclosing  shells  of  peculiar 
characters.     This  whole  mass  is  called  Crag. 

2.  The  sandy  beds  of  Bagshot,  and  the  neigh- 
bouring heaths. 

3.  The  marine  stratum,  alternating  with  those  of 
freshwater  in  the  Isle  of  Wight,  which  consists  of  a 
shelly  marl.  Many  of  the  fossils  belonging  to  the 
beds  of  the  Suffolk  crag,  agree  with  those  in  the 
upper  marine  formation  of  the  Paris  basin.  A  few 
shells  only,  which  may  be  placed  among  those  which 
are  supposed  to  be  lost,  or  among  those  which  are 
the  inhabitants  of  the  distant  seas,  are  discoverable 
here  ;  but  the  greater  number  do  not  seem  to  differ 
specifically  from  the  recent  shells  of  neighbouring 
seas.  A  peculiar  terebratula  has  been  described, 
as  well  as  many  other  curious  testaceous  remains. 
This  bed  at  Walton  Nase,  Essex,  and  on  the  clifis 
on  both  sides  of  Harwich,  is  30  feet  thick.     It 

furnishes  a  good  soil.   The  %ivj  'Kea.'0(ve^?,oi\itM\4- 
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Btones  of  Stonehcnge  belong  to  the  siliceous  sand- 
stone of  the  Bagshot  heath  formation. 

5  VI.  SUMMARY  RECAPITULATION. 

Guided  by  tlie  inductive  spirit  of  English  geo- 
logy,  we  have  traced  in  the  preceding  chapters,  the 
successive  ranges  of  mineral  strata  from  their  primi- 
tive bases  up  to  the  surface  soil.  The  Alps,  Scot- 
land, and  other  mountainous  regions,  afford  better 
fields  for  the  study  of  granite,  gneiss,  and  mica-slate ; 
but  in  no  country  can  the  coal-measures,  and  the 
supermedial  strata  be  examined  with  so  much 
advantage  as  in  England,  in  consequence  chiefly  of 
the  numerous  sections  which  have  been  accurately 
made,  and  faithfully  recorded,  without  regard  to 
any  hypothesis. 

1.  We  have  seen  tlie  coal-measures,  or  their  equi- 
valent beds,  surmounted  by  the  conglomerate  lime- 
stone, called  the  newer  magnesian,  to  distinguish  it 
from  the  magnesian  lime  occasionally  subordinate 
to  the  carboniferous  limestone.  This  conglomerate 
IB  the  first  floetz  limestone  of  continental  writers. 
It  is  covered  by  the  new  red  sandstone,  or  red  marl 
rocks  of  England.  Between  the  first  Jketz  limestone 
and  coal-measures  of  the  Germans,  their  first  floetz 
sandstone  lies,  called  rothe  todte  Uegende,  or  red 
deadlayer,  because  it  is  barren  of  the  metallic  veins 
found  in  the  lower  beds. 

2.  Next  comes  the  oolitic  series  of  rocks,  the  lime- 
stone beds  of  which  are  generally  characterised  by 
the  spherical  form  of  their  calcareous  particles, 
hence     called   roestone,    peastone,  ot    e^^VOTv^, 

according  to  their  size.     Immediate\y  ow  \Xvfe  red 


all  ttie  othor  strata  of  tliu  slo|)fs  and  lower  plains. 
The  materials  which  compose  the  basin  of  Paris, 
seem  to  have  been  deposited  in  a  vast  concavity, 
a  species  of  gulf,  lined  throughout  witli  chalk. 

Enumeration  o^  ihe  different  kind*  of  strata  or  fonmatitmi,  which 
constitute  the  geological  district  of'  Parix. 
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The  figure  od  the  margin 
representa  the  snccessire  strata 
of  the  Paris  basin,  numbered 
from  the  sorface  downwards  ; 
or  in  the  ioTerse  order  of  the 
preceding  table. 

1.  Upper  freshwater  marls 
and  millBtones.  2.  Marine 
marls.  3,  4.  Second  fresh- 
water formation ;  and  gypsum 
with  bones.  5.  First  marine 
formation  after  the  chalk.  6. 
Lowest  or  oldest  freshwater 
formation.  7.  Chalk  with  dints. 

1.  Chalk. — The  regular  beds  of  black  flints  which 
exist  in  such  abundance  In  the  chalk,  show  that  it 
has  been  the  result  of  a  tranquil  deposit  under  the 
ocean. 

The  chalk  masses  of  tlie  environs  of  Paris  are 
apparently  intersected  by  nearly  vertical  fissures, 
sometimes  very  narrow,  although  they  extend  to 
very  great  distances;  at  others  nearly  two  feet 
wide.  The  sides  of  these  rents  seem  as  if  embossed, 
but  the  convexities  and  concavities  do  not  regularly 
correspond  witfi  each  other.  The  faces  of  the 
fissures  look  like  surfaces  which  have  been  worn 
down,  and  polished  by  the  waters.  In  the  parts 
where  the  rents  are  so  narrow  as  to  allow  the  two 
walls  to  come  nearly  in  contact,  there  are  round 
vertical  holes,  irregularly  placed,  opening  into  the 
upper  and  wider  portion  of  the  cleft.  Besides  being 
embossed,  the  walls  are  pitted,  as  if  exposed,  to  %. 
pelting  rain.     The  flints  which  project  "vcv  t^v^ 
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ference  is  obsen'able  between  the  chalk  and 
subjacent  compact  limestone.  The  chalk  of 
countries,  includes  species  of  shells  not  hil 
observed  at  Paris,  but  which  are  found  in  the  oolitic 
limestones  beneath  it.  Tliese  facts  prove  that  the 
chalk  is  not,  as  many  have  supposed,  of  modern 
origin.  "We  shall  find  that  it  has  been  succeeded 
by  four  or  five  very  distinct  formations,  which  in- 
dicate a  long  space  of  time,  and  great  revolutions, 
between  the  period  of  its  deposition,  and  of  those 
strata  tiom  which  the  surface  of  our  continent  has 
derived  the  figure  which  it  actually  possesses.  With 
the  exception  of  the  trochus,  there  has  not  been 
found  in  tlie  Paris  chalk  any  univalve  shell  with 
simple  and  regular  spires.  Thus  there  is  no  cerite, 
no  fusus,  &c.  Tliis  fact  is  the  more  remarkable, 
as  we  find  a  few  yards  above  the  chalk,  in  strata 
equally  calcareous,  shells  in  great  abundance  of  a 
different  structure. 

The  chalk  forms  tlie  bottom  of  the  basin  or 
gulf,  within  which  are  deposited  the  several  for- 
mations of  the  Paris  district.  Ere  this  antique 
chalk  floor  was  covered  by  these  mineral  strata,  its 
surface  must  have  exhibited  hollows  and  promi- 
nences in  the  form  of  valleys,  hills,  and  terraces. 
These  inequalities  are  still  indicated  by  the  islets  and 
promontories  of  chalk  which  rise  up  through  the 
new  formations  in  certain  points.  Hence  the  ex- 
cavations made  in  these  upper  beds  reach  the  chalk 
at  very  variable  depths.  Nor  have  the  inequalities 
any  relation  with  those  of  the  actual  surface  of  the 
land. 


nd  its  ^^1 
'  other  ^H 
itherto      ^H 
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.•  2.  First  freshwater  formation^  plastic  clay^  tig- 
nitef  sandstone. — Almost  the  whole  surface  of  the 
chalk  mass  is  covered  with  a  bed  of  clay,  possess- 
ing very  remarkable  general  characters,  amid  specific 
differences  at  different  points.  This  clay  called 
plastic,  because  it  readily  takes  and  keeps  the 
forms  impressed  on  it,  is  unctuous,  tenacious,  and 
generally  composed  of  about  30  alumina,  60  silica, 
and  10  water  in  the  hundred  parts.  It  is  rarely 
impregnated  with  either  lime  or  iron,  and  makes 
no  effervescence  with  acids.  It  is  of  a  fine  white 
aspect  at  Moret ;  gray  at  Montereau ;  yellow  at 
Abondant ;  purq  slate-gray,  or  slate-gray  mixed 
with  red  to  the  south  of  Paris  from  Gentilly  to 
Meudon. 

.  This  bed  varies  in  thickness  from  50  feet  in  some 
places,  down  to  a  seam  of  a  few  inches  in  others. 
Two  beds  of  clay  are  oflen  met  with  ;  an  upper  one, 
which  the  workmen  call  fausses  glaises  (false  pot- 
terVearth)  is  sandy,  blackish,  and  encloses  occa- 
sionally organic  remains  ;  and  an  under  one  separ- 
ated from  the  former  by  a  bed  of  sand.  The  lower 
stratum  which  forms  the  proper  plastic  clay,  is  des- 
titute of  organic  debris ;  but  the  upper  one  is 
sometimes  very  rich  in  fossils,  which  give  it  a 
peculiar  character.  To  this  bed  and  conse- 
quently to  the  plastic  clay  formation,  of  which  it 
constitutes  a  member,  belong  the  sands,  and  lig- 
nites, yellow  amber,  and  numerous  fossil  shells, 
$ome  obviously  marine,  and  others  natives  of  fresh- 
water. 

The  lignite  or  fossil  bituminous  wood  (braun- 
kohle  of  the  German  mineraiog^te^,  ^otcv^>ixrcies> 
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appears  in  carbonaceoua  traces  of  the  stem,  branches^ 
or  leaves,  and  sometimes  as  buried  trees.  This 
evidence  of  its  origin  gradually  vanishes,  and  the 
carbonaceous  matter  assumes  tiie  aspect  of  regiiJariy 
stratified  beds,  or  layers  of  an  earthy  appearance, 
called  pyritous  ashes,  earth-coal,  or  marine  peat; 
sometimes  it  constitutes  compact  masses  of  a  pretty 
pure  black,  of  a  dense  texture  susceptible  of  polirfi, 
divided  by  fissures  into  rectangular  masses,  when 
it  is  termed  brown  coal,  jet,  and  even  coal.  The ' 
lignite  under  these  two  forms,  is  cither  in  thin  un- 
connected seams,  or  in  thick  beds  of  great  extent ; 
but  in  both  cases,  tiiough  the  ligneous  texture 
should  be  entirely  effaced,  some  portions  of  vege- 
tables tolerably  well  preserved,  such  as  stems,  leaves, 
fruits,  are  found,  which  prove  that  they  are  derived 
rather  from  trees  than  herbaceous  plants,  most  fre- 
quently dicotyledinous,  almost  always  of  the  family  , 
of  palms,  and  never,  it  is  said,  of  the  fern  tribe. 
This  circumstance  is  one  of  their  most  remarkable 
characters,  and  establishes  a  very  obvious  distinc- 
tion between  the  ancient  and  genuine  pit-coals,  and 
these  deposits  of  more  modem  date,  to  which  the 
name  of  pit-coal  is  improperly  applied. 

The  fossil  shells,  which  very  commonly  accom- 
pany, and  sometimes  in  prodigious  quantity,  this 
upper  bed  of  the  plastic  clay  formation,  or  the  car- 
bonaceous marl,  belong  to  genera,  and  perhaps 
species  which  live  in  very  different  elements,  some 
beingmarine,  and  others  freshwater  shells.  These' 
two  lie  sometimes  in  thin  layers,  which  touch  each 
other,  and  though  together  not  a  foot  thick,  yet 
t/iey  are  quite  distinct.    Moat  commoTA^,'^o'*ev«.T, 
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as  in  the  whole  of  the  Soissonois  district,  these  shells 
are  mixed,  but  this  happens  only  at  the  line  of  con- 
tact of  the  two  beds ;  so  that  the  fresh  water  shells 
belong  to  the  lignite  stratum,  that  vast  deposit  of 
vegetables  which  assuredly  did  not  Uve  in  the  waters 
of  the  sea,  but  grew  on  the  surface  of  the  earth, 
when  that  consisted  solely  of  chalk,  and  was  covered 
with  forests,  lakes,  or  marshy  pools;  whilst  the 
marine  shells  were  bred  in  the  marine  deposit, 
which  covers  With  numerous  and  massive  strata  the 
above  argillo-carbonaceous  formation. 

The  following  list  of  the  fresh  water  shells  has  hcen  given  by  M.  de 
Fcrussac  : — Planorbis  rotundatus,  incertus,  puncturo,  Prevostinus ; 
physa  antiqua ;  limneus  longiscutus ;  paludina  virgula,  indistincta,  uni- 
color,  Desmaresti,  conica,  ambigua ;  melania  triticea ;  melanopsis  buc- 
dncndea,  costata ;  nerita  globulus,  pisiformis,  sobrina ;  cyrena  antiqua, 
tdlenoides,  cuneiformis. 

Marine-shells  from  the  intermixture  of  the  superior  beds,  contain  the 
following :  ceritium ;  ceritium  funatum,  melanoides ;  ampullaria  depressa; 
flotrea  bellovaca,  incerta. 

The  two  mineral  formations  now  described  must 
have  been  produced  under  entirely  different  circum- 
stances, since  they  differ  in  their  chemical  nature, 
in  their  mode  of  stratification,  and  especially  in 
their  fossil  inmates ;  so  that  there  is  every  reason 
to  conclude  that  the  plastic  clay  belongs  to  a  for- 
mation distinct  not  only  from  the  chalk,  but  likewise 
from  the  superior  coarse  limestone ;  since  the 
organic  remains  appropriate  to  it,  are  land  or  fresh 
water  shells,  while  all  those  of  that  limestone 
belong  to  the  sea. 

3.  Of  tJie  coarse  limestone  formation^  (cakaire 
grassier  J  f  and  its  sea-shell  sandstones. — This  lime- 
stone Joes  not  always  rest  immediately  owXJcv^"^^^^^ 
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clay ;  but  is  sometimes  separated  by  a  bed  of  sand, 
sometimes  aggregated  into  freestone.  The  caU 
careous  formation  itself  is  composed  of  alternate 
beds  of  coarse  limestone  mori;  or  less  hard ;  of 
argillaceous  marl  otlen  in  very  thin  layers;  and  of 
calcareous  marl.  It  must  not  however  be  supposed 
that  these  different  courees  of  masonry  are  placed 
fortuitously,  and  without  rule,  for  they  always  main- 
tain the  same  order  of  superposition,  over  tlie  whole 
extent  of  the  vast  basin.  Several  seams  may  be  some- 
times wanting  or  very  thin ;  but  what  is  inferior  in 
one  district,  never  becomes  superior  in  another. 

This  constancy  in  the  order  of  superposition  of 
the  thinnest  strata,  and  over  an  extent  of  nearly  80 
niiles,  is  certainly  one  of  the  most  remarkable  facts 
disclosed  by  the  researches  of  MM.  Cuvier  and 
Brogniart.  The  fossil  shells  furnish  the  means  of 
recognising  amidst  so  many  calcareous  layers,  any 
particular  one  observed  in  any  district  however 
remote.  This  criterion  has  never  deceived  the 
eminent  French  naturalists.  It  is  not  however  to 
be  supposed  that  the  difference  between  one  bed 
and  another  is  so  remarkable,  as  that  between  the 
chalk  and  the  coarse  limestone.  But  the  fossils 
characteristic  of  one  bed  become  less  numerous 
in  the  bed  above,  and  disappear  entirely  in  the 
others,  or  are  gradually  replaced  by  new  fossils 
which  had  not  till  then  made  their  appearance. 

The  first  and  lowest  beds  of  the  calcareous  for- 
mation are  the  best  characterised  ;  they  ai'e  very 
sandy,  sometimes  more  so  than  they  are  calcareous. 
When  solid,  they  are  apt  to  decompose  in  the  air 
and  fall   to'  powder  •,   so  l\iat  \.\ve  siotvc  c?ix\  \wi 
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employed  only  in  very  peculiar  circumstancee. 
This  stratum  contains  almost  always  some  green 
earth  in  powder  or  grains ;  which  by  the  analysis  of 
M.  Berthier  appears  to  be  a  silicate  of  iron.  Here 
is  found  also  a  prodigious  quantity  of  fossil  shells, 
the  greater  part  of  which  differ  more  from  our  living 
species,  than  the  shells  of  the  superior  strata  do. 
They  are  entire,  well  preserved  ;  and  may  be  easily 
detached  from  their  rock,  retaining  in  many  speci- 
mens their  pearly  lustre.  The  middle  beds  also  in- 
clude a  great  many  species  of  shells ;  amdng  which  ' 
are  brown  impressions  of  leaves  and  stems  of  plants, 
mixed  with  cerites,  thick  amputlaires  and  other 
sea-shells.  The  plants  cannot  be  referred  to  any 
marine  vegetables.  The  third  or  superior  system  of 
strata  includes  fewer  sheila  than  the  two  preceding. 
The  lower  seams  of  it  are  hard,  and  are  used  in 
building.  Above  the  last  beds  of  the  coarse  lime- 
stone, hard  calcareous  marls  appear,  divisible  into 
blocks  with  their  surfaces  covered  with  a  yellow 
varnish,  and  black  dendritic  (tree-like)  impressions. 
It  appears,  therefore,  1.  that  the  fossils  of  the 
-  coarse  limestone  have  been  slowly  deposited  in  a 
tranquil  sea,  and  now  lie  in  regular  beds  i  that  they 
are  not  mixed  i  and  that  the  greater  portion  are  in 
a  state  of  perfect  preservation,  however  delicate 
their  texture  may  be,  since  even  the  points  of  the 
spinous  shells  are  very  often  entire  j  2.  that  these 
fossils  are  entirely  difierent  from  those  of  the  chalk  j 
3.  that  in  proportion  as  the  beds  of  this  formation 
were  deposited,  the  species  changed,  and  several  of 
them  disappeared,  while  new  ones  made  Xh^t  K^'yeax- 
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ance,  circumstances  which  indicate  a  great  many 
generations  of  marine  animals ;  lastly,  that  the 
number  of  species  of  sliells  always  went  on  dimin- 
ishing in  that  region,  till  the  period  when  they 
entirely  vanished.  Tlie  waters  which  deposited 
these  beds,  either  contained  no  longer  any  sliell- 
fish,  or  lost  the  faculty  of  preserving  them. 

Certainly  things  happened  in  tliose  primeval  seas 
far  otherwise  from  what  occurs  in  our  present 
ocean.  In  the  latter,  solid  sliell -limestone  rocks 
now  rise  only  in  tropical  climates.  The  species 
of  shells  aie  not  found  to  change  ou  tlie  same 
banks  and  coasts.  Ever  since  oysters  have  been 
fished  on  the  coast  of  Cancale ;  and  mother  of 
pearl  aviculcB  in  the  Persian  Gulf,  it  has  not  been 
observed  that  one  order  of  shells  has  given  place 
to  another. 

4.  Siliceous  limestone. — This  formhtion  consists 
of  distinct  courses,  of  a  limestone  sometimes 
tender  and  white,  sometimes  gray  and  compact, 
having  a  very  fine  grain,  and  penetrated  with 
silica,  filtered  through  on  every  point.  It  is 
frequently  cavernous.  These  cavities  are  often 
pretty  large,  irregular,  and  communicate  in  every 
direction ;  they  are  occasionally  cylindrical,  but 
sinuous  (winding),  and  though  still  irregular, 
they  preserve  with  one  another  an  appearance  of 
parallelism.  The  silex  by  filtering  into  these 
cavities,  has  studded  their  sides  with  mammelated 
stalactites  of  various  hues,  or  with  pyramidal  quartz 
crystals,  short  and  almost  without  a  prism,  but 
distinct   and  pellucid.     This  disposition  is   very 
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remarkable  at  Champigny.  The  compact  lime- 
stone, thus  penetrated  with  ailex,  affords  by  burn- 
ings lime  of  very  good  quality.  We  may  consider 
the  siliceous  limestone,  as  terminating  on  one  hand 
the  marine  formation,  and  forming  on  the  other, 
the  lower  portion  of  the  middle  freshwater  beds. 
I  this  rock  includes  sometimes,  in  its  lower 
»,  sea-shells  analogous  to  those  of  the  coarse 
limestone,  mingled  with  freshwater  shells,  thus 
constituting  the  passing  link  between  the  two  for- 
mations ;  and  the  freshwater  shells  of  its  upper 
courses,  are  the  same  as  those  of  the  middle  fresh- 
water Umestone.  The  compact  and  hard,  but 
eaaoly  broken,  yellowish  limestone,  called  cUcart  by 
iJie  workmen,  should  be  referred  to  the  same 
locality.  In  this  foimation,  one  kind  of  the  stones 
irell  known  under  the  name  of  mill  or  buhr  stones 
Mxurs.  These  seem  to  be  the  siliceous  skeleton, 
sfa  siliceous  limestone.  They  must  not  be  con- 
rounded,  however,  with  the  millstones  to  be 
described  under  the  eighth  head. 

5,  6.  Gypsum,  the  secondjreskwaterjbrmation,  and 
narine  marls. — These  strata  affiardone  of  the  clearest 
examples  of  what  is  to  be  understood  by  a  formation 
in  Geology ;  differing  widely  from  each  other  in  their 
ihemical  nature,  yet  evidently  deposited  at  the  same 
time.  This  formation  which  is  called  gypseous,  is  not 
:oniposed  solelyof  gypsum,  for  it  consists  of  alternate 
xda  of  gypsum,  argillaceous  marl,  and  limestone,  in 
tn  order  of  superposition  always  the  same,  over  the 
^reat  gypseous  field  studied  by  MM.  Cuvier  and 
^ogniart,  from  Meaux  to  TrietandGns^^^oxv^ 
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a  length  of  more  than  90  leagues.  Some  of  the 
beds  are  wanting  in  a  few  districts,  but  the  remain- 
ing ones  are  always  in  tlie  same  respective  positions. 
The  gypseous  course  is  placed  immediately  above 
the  marine  limestone,  a  superposition  of  which  it  is 
not  possible  to  doubt.  The  hills  or  mounds  of 
gypsum  have  a  peculiar  aspect  by  which  they  may 
be  recognised  at  a  distance.  As  they  always  lie 
over  the  limestone,  they  form  as  it  were  second 
hills  of  a  distinctly  oblong  or  conical  shape,  fiituated 
on  the  more  extended  lower  elevations. 

Both  on  Montmartre,  and  the  hills  which  seem 
to  rise  in  its  suite,  two  formations  of  gypsum  may 
be  observed.  The  lower  is  composed  of  alternate 
beds  of  little  thickness,  consisting  of  gypsum  often 
crystalline,  solid  lime-marls,and  clay-marls  distinctly 
foliated.  It  is  in  the  former,  that  the  large  crystals 
of  lenticular  yellowish  gypsum  occur,  and  in  the 
latter  the  menilite  silex.  The  lower  portions  of 
this  mass  would  seem  to  have  been  deposited,  at 
one  time  naked,  on  the  sea-shell  calcareous  sand-,  in 
which  case  they  include  marine  shells,  and  at 
another,  on  a  bottom  of  white  marl,  containing  a 
great  many  freshwater  shells,  which  had  previously 
covered  the  marine  stratum.  This  second  circum- 
stance seems  proved  by  two  observations  made,  the 
one  at  Belleville  by  M.  Hericart  de  Thury,  and  the 
other  by  M.  Cuvier  under  the  street  of  Rochcchou- 
art.  In  digging  wells  at  these  two  places,  the  last 
beds  of  the  lower  mass  were  perforated,  and  there 
was  found  in  the  under  portions  of  this  mass,  a  great  ^ 
bed  of  the  white  freshwater  tnavl  above  mentioned. 
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Below  this  bed,  occur  either  the  first  courses  of  the 
marine  Umestone,  or  the  calcareo-siliceous  lacustrine 
fonnation. 

The  superficial  mass  which  the  workmen  call  the 

jfiri^  is  in  every  respect  the  most  remarkable,  and 
important  It  is  besides  much  larger  than  the 
others ;  possessing  in  certain  places  a  thickness  of  65 . 
feet,  and  is  uniform  throughout,  with  the  exception 
of  a  few  marly  beds.  In  some  places,  as  at  Dam- 
martin,  near  Montmorency,  it  lies  almost  immedi- 
ately below  the  vegetable  mould. 

The  lower  beds  of  gypsum  of  this  first  mass,  in. 
dude  silex,  which  seems  to  have  flowed  into  the  gyp- 
seous matter,  and  also  to  be  penetrated  with  it.  The 
intermediate  beds  naturally  split  into  thick  prisms, 
with  several  faces,  which  are  called  hauts  piliers, 
(fa%h  pillars) }  and  the  uppermost  ranges  called 
tkiens  are  penetrated  with  marl.     They  alternate  . 

-  with  marl  strata  and  are  not  very  massive.  These 
are  commonly  five  in  number,  and  spread  over  a 
great  extent. 

But  these  facts  are  not  the  most  important  The 
fossils  which  this  mass  includes,  and  those  which  its 
marls  cover,  suggest  observations  of  far  higher 
interest 

It  is  in  ihis^rst  mass  that  the  quarriers  find  almost 
every  day,  skeletons  and  scattered  bones  of  a  mul- 
titude of  unknown  quadrupeds,  along  with  the 
bones  of  birds,  crocodiles,  the  trionyx  tortoise,  land 
and  freshwater  tortoises,  and  several  kinds  of  fish, 

.  most  of  which  belong  to  freshwater  genera. 

But  what  is  no  less  remarkable,  and  Ve&^  to  'fca 
«affle  condusiont  is  that  some  freft\\w«XJW  A\^%  wa. 
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also  found  there.  They  are  doubtless  of  very  rare 
occurrence ;  but  a  single  one  would  suffice,  when 
unaccompanied  with  sea  shells,  to  demonstrate  the 
truth  of  the  opinion  which  Lamanon  and  some 
other  naturalists  broached  long  ago,  that  the  gyp- 
sums of  Montmartre,  and  of  the  other  hills  of  the 
Paris  basin,  had  been  crystallized  in  freshwater 
lakes.  Wc  shall  presently  adduce  new  facts  con- 
firmatory of  this  judgment. 

The  superior  gypsum  is  perfectly  characterised 
by  the  presence  of  the  skeletons  and  bones  of  mam- 
mifera,  which  enable  us  to  recognise  it,  when  it 
.  occurs  insulated.  They  have  never  been  observed 
in  the  inferior  masses. 

Above  the  gypsum,  are  placed  thick  beds  of  marl, 
sotnetinies  calcareous,  and  at  others  argillaceous. 
In  the  lower  courses  of  these  beds,  and  in  a  white 
and  friable  lime  marl,  there  have  been  met  with  at 
different  times,  palm-tree  trunks  petrified  with  silex. 
They  were  recumbent  in  posture,  and  of  consider- 
able dimensions.  In  the  same  system  of  beds,  there 
occur  in  almost  all  the  quarries  of  the  Chaumond 
mound,  and  even  in  the  quarries  to  the  east  of 
Montmartre,  shells  of  the  genera  lymnea  and 
pUmorbis,  hardly  different  from  those  which  notr 
live  in  our  marshes.  These  fossils  prove  that  the 
marls  are  a  freshwater  formation,  like  the  gypsums 
placed  below  them. 

In  ascending,  we  encounter  a  bed  of  foliated 
yellowish  marl  about  a  yard  tliick.     This  forms  the 
limit  of  the  freshwater  formation.     All  the  shells 
^^it^have  been  observed  higher  up,  are  marine. 

ediately  over  this  mar\,  \)cvete'w  ».\as?,«.  mv^l 
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constant  bed  of  greenish  clay  marl,  which  may  be 
recognised  at  a  distance  by  its  thickness,  its  colour, 
and  its  continuity.  It  serves  as  a  guide  for  finding 
the  cytherea  shells,  which  lie  just  below  it  The 
four  or  five  beds  of  marl  that  succeed  the  green  one, 
are  of  little  thickness,  and  like  it  contain  no  fossils. 
But  these  beds  are  immediately  surmounted  by  one 
of  yellow  clay  marl  replete  with  sea  shells,  of  species 
belonging  to  the  genera  cerites,  trochus,  mactres, 
Venus,  cardium,  &c.  Fragments  of  the  palate  of  a 
ray,  and  portions  of  the  spines  of  the  tail  of  a  ray, 
were  also  found  in  this  locality. 

Almost  all  the  marl  beds  which  succeed  the  last, 
present  fossil  sea-shells,  but  only  of  the  bivalve  class, 
and  the  latter  strata,  or  those  immediately  below 
the  argillaceous  sand,  include  two  distinct  beds  of 
oysters.  The  ^rst  and  lowest  is  composed  of  very 
thick  large  oysters ;  some  of  tliem  nearly  4  inches 
long.  A  layer  of  whitish  marl  without  shells  occurs 
next,  then  a  second  very  thick  stratum  of  oysters 
subdivided  into  several  seams.  The  oysters  are 
brown,  and  much  smaller,  as  well  as  thinner  than 
the  preceding.  The  above  oyster  beds  are  almost 
uniformly  present ;  nor  have  they  been  twice  missed 
in  the  numerous  hills  examined  by  MM.  Cuvier 
and  Brogniart,  so  that  it  seems  to  be  nearly  certain 
that  they  lived  in  the  place  where  they  now  lie ;  for 
they  are  attached  to  each  other,  as  in  the  sea,  the 
most  of  them  are  quite  entire,  and  when  carefully 
extracted,  often  retain  both  their  valves.  Lastly, 
M.  Defrance  has  found  near  Roquencourt,  as  high 
as  the  marine  gypseous  marls,  rounded  ^\ecfts.Q£'^<e. 
Bbell  marl  iimestone,  pierced  Vvfti  pholades  ^^fwa 
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borers),  and  still   bearing   the   oysters   that  were 
attached  to  them. 

Thr  fotlili  of  iJir  gypiuiH  and  nunine  viarli  uiliich  cmer  il,  are  ; 
I.  In  tke  gypieout  miua ;  the  palieothariunis,  the  aiiDpIolhcriuniB,  the 

camivoraiis  and  other  mammtlcrous  aniniiUa ;  birds  of  3  or  4  specks ; 

a  triuijyit  and  other  reptilea ;  o  crocodile ;  [i»h,  3  or  4  species ;  and 

of  the  moUuBCD  tribe,  o  eydotomia  mumia. 
«.  In  the  luperior  white  marU.     PnlniH,  or  other  eiidogenites  plants ; 

remuins  o(  fwh  ;  Umnea  and  planorhii  freshwater  shells, 
3.  In  the  marine  formation  i  inner  and  outer  casts  of  shells,  the  sub- 

stoDce  being  generally  wasted  away ;  tpirorha  ;  fish  bone ;  ccrittuaa 

pkcalmi. 
4i.  Gnem  antrb.    No  fouQi. 

5.  Yellow  marla.  Spines  and  palates  of  the  raj;  anipullaria  patula? 
ceritbium  plicatum,  dnctum;  cytherea  el^ans;  cardium  obUquim; 
nucula  margaritacea. 

6.  Calcareotu  narti,  Ostrea  hippopus,  pseudochama,  longirastria, 
canalis,   cocblearia,   Cyathula,   qiatulata,  linguatula;   balani;   crabs' 

The  gypsum  formation  of  the  Paris  basin  caoDot 
be  referred  to  any  of  the  formations  described  by 
Wernei'  or  his  disciples. 

Hnving  eliminated  by  a  long  and  laborious  analysis,  the  separate 
pieces  of  the  skeletons  of  nakoowii  wunala,  fowid  in  this  bed  of 
the  Paris  basin  ;  and  assigned  them  their  respective  places  in  the 
system  agreeably  to  the  laws  of  organic  being,  M.  Cuvier  com- 
menced their  synthesis,  collating  and  combining  the  bones,  bo  as  to 
represent,  not  Ae  whole  carcass  indeed,  but  the  frame-wbrk  of  the 

The  PakeoAeriim  •imtu  had  famished  the  most  cosiplete 
assortment  of  bones  ;  with  it,  therefore,  he  b^^,  proceediagaftei- 
wanls  to  the  PalteotAeriam  magniun,  next  to  the  tUieotherium 
enaaum,  and  lastly  to  the  medium.  Of  Via  QiAtM  cf«ci»i,  xtatihin^ 
n  fngmeaia  bare  been  hithnW  fonsd. 


FAL£0TI1EBIUM  HAGNUM  DESCRIBED. 


The  Hkeleton  or  the  patnotherinm  nunna  occmred  in  a  complete 
■Me  *t  I^tin,  near  Montmartre,  imbedded  in  ^ypanm.  Tbe 
wood'Cnt  represents  tlie  palsotherinm  magnam  restored,  from  it* 
acattered  booea.     Its  heiglit  vma  four  feet  and  a  half,  about  the 

,  tut  of  the  rhinoceroB  of  Java.  Lower  than  a  great  hone,  it  was 
alto  thicker,  with  a  head  more  massive,  shorter  and  stronger  limbs. 
An  almost  entire  skull  of  this  animal  was  eventually  fonnd  hy  M. 
Csrier,  which  he  regards  with  justice  as  one  of  the  most  interesting 
mUcs  of  the  ancient  world,  since  it  enables  him  to  confirm  all  hia 
preriona  conjectures  abont  its  organization  and  habits.  This  skull 
equle  in  size  that  of  the  largest  horses.  The  external  opening  of 
tbe  nostrils  was  oblique  and  very  long ;  surrounded  hy  three  pain 
of  bones,  the  intermaxillary,  the  manUary,  and  the  mwat ;  Uie  last, 
instead  of  uniting  with  those  of  tbe  mnazle,  slope  obliquely  over 
tlie  nasal  orifice.  Now,  there  are  only  three  genera  of  known 
uimals  which  have  three  pain  of  bones  in  the  external  nostrils ; 
tbeK  are  the  rhinoceros,  the  elephant,  and  the  tapir  ;  and  the  last 
tiro  alone  have  the  proper  bones  of  the  nose,  thin  and  short  as  in 
this  ancient  animal.  In  the  rhinoceros,  on  the  contrary,  these 
bone*  are  as  long  as  the  snout,  and  of  exttaordinary  thickness,  on 

.    Kconnt  of  the  faom  which  they  have  to  support. 

The  horse  resembles  them  in  the  obliquity  of  the  opening,  and 
in  tbe  inclined  direction  of  the  points  of  ita  pn^ter  nose  bones,  or 
fn  other  words,  by  the  large  notch  placed  under  them  on  either 
nde  ;  hot  its  intermaxillary  boae*  extend  saf&c,\enx\^  \a  <&»  «&n 


L.    1 
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bf  the  bones  of  the  noitriU  to  reach  these  no»e  bones,  and  be 
articnlnted  with  tJiem. 

From  tliete  ansli^es  in  the  oiibbohb  frame,  we  may  jostly  infer 
A  similarity,  in  llie  soft  parto  atlnched  to  it.  The  vleplutnts  anil 
taptiK  liave  a  probuscis,  auJ  the  rbinuceroHeH  possess  in  tlieir  lip, 
and  llio  liorses  ill  the  whole  extremity  of  the  snont,  a  mobility  which 
(lepemlH  on  on  organizatioii,  closely  resembling  tliat  of  the  tapir. 
As  tlic  palffiotherium  had  no  intennaiillaiy  bones  like  iboae  of  tlie 
elvphaul,  it  could  not  liavu  a  similar  proboscis.  From  a  coropari- 
flun  of  the  other  three  genera,  it  must  have  been  formed  aa  this 


figure  representa  it ;  beii^  intermediate  between  a  tapir  and  a 
horse.  But  aa  its  orbit  was  small,  ao  also  must  its  eye  have  been, 
whence  it  would  hare  the  stupid  aspect  of  the  hog.  The  temporal 
fosse  was  larg«  and  deep,  indicating  great  powers  of  maadcation. 

or  the  small  paUeotherium  (minua),  M.  Cuvier  says,  could  we 
restore  this  animal  to  life,  aa  easily  as  we  have  rejoined  its  bones, 
we  should  have  before  us  a  tapir  a  little  longer  than  a  roe-buck, 
with  light  and  slender  limbs.  Ita  height  in  the  middle  was  only 
18  inches.    . 

Seven  species  of  polffiotherinms"  are  eaunerated,  all  dug  out  of 
the  Paiiuan  plaster  beds. 

The  magmtm  had  the  w»  of  a  horse,  the  medium,  that  of  a 
■mall  hi^,  with  long  narrow  feet ;  the  a-assum,  same  size,  but  with 
broad,  shorter  feet ;  the  latum,  same  uze,  with  short,  squat  feet ; 
aatum,  size  of  a  sheep,  spreading,  very  short  feet ;  minaa,  raUwr 
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To  the  other  great  genua  of  animala  discorered  by  M.  Cnvier  in 
the  Prtu  gypsnm,  tlie  name  Anoplotheriam  (nnanned  wild  beiut) 
bu  (been  given,  on  account  of  the  Bhortnees  of  in  canine  teeth. 
In  the  fossil  figured  above,  a  specimen  in  such  preservation  waa 
fiDKunatel)'  found,  as  explained  the  stmctnre  of  the  head,  and 
graater  part  of  the  body.  It  shows  the  nasal  and  intennaxilluy 
bonee  enUre  ;  the  position  of  the  intermaxillary  snlore,  and  of  the 
raborbital  hole  ;  the  zygomatic  Brch  in  perfect  preservation,  aa  well 
« the  mastoid  process ;  and  the  rising  branch  of  the  lower  jaw, 
forced  a  little  behind  its  tme  poution.  He  specimen  shows  also 
'  the  contour  in  profile  of  the  poeterior  part  of  the  skull.  The 
HUmal  approached  to  the  Ruminant  class.  The  moet  remarkable 
drcumstance  in  this  creature,  is  the  enormous  length  and  strength 
of  ita  tul.  Ten  vertebne  belonging  to  it,  and  jointed  together  in 
mother  specimen,  are  not  the  only  bones  of  which-  it  wa«  com- 
poaed.  M.  Cuvier  conclades  that  it  must  have  consisted  at  least 
of  S2  vertebne,  equalling,  if  not  exceeding,  the  length  of  the  body. 
No  known  quadruped  has  a  tail  of  such  uze,  excepting  the  kan- 
garoo :  and  this  is  therefore  another  character  to  add  to  all  the 
others  which  make  the  anoplatiieriam  one  of  the  most  extraordi- 
nary beings  of  that  ancient  world,  whose  relics  we  now  survey. 
Such  immense  tail-bones  must  have  had  proportionate  muscles  to 
move  them  ;  of  which  more  than  conjectures  exist  with  respect  to 
the  anoplotherium.  Their  tendons,  in  port  apparently  ossified, 
have  left  on  the  stone,  traces  which  lead  us  to  ^ndf;e  \hti.  >J»b  ^ms^- 
iMw  oftbe  tail  was  as  enormoos  oa  \t«  Wifg^     V4«  '&»&  xi^^ 
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•nrprised  at  the»e  traces,  wnce  the  cartilages  of  the  ribi  have  also 
left  very  evident  printM.  Tlie  specimen  represented  in  our  Bgnre 
was  dog  out  of  the  quarries  at  Aotony  near  PariB,  100  feet  beoeath 
the  surface.  'Hie  animal  seems  to  hare  sunk  down  into  the  ynl 
uuindurated  planter,  l^ag  on  its  belly  in  a  horizontal  position,  with 
its  head  ouly  derangetl  and  tlirown  to  one  side,  and  its  ribs  broken 
md  crashed  together,  as  well  as  its  other  bones,  by  the  weiglit  of 
the  sapertncumlieni  stralA  afterwards  deposited.  All  the  damal, 
lumbar,  and  sacral  vertebrte  remained  in  their  places,  preserving 
their  natural  connexiona  with  each  other,  and  with  the  pejris.  The 
height  of  the  A«oplol/urium  commune,  at  ihe  saddle,  might  be 
about  three  feet  and  a  few  incJiee.  It  most  have  derived  from  it* 
toil  somewhat  of  the  look  of  on  otter,  and  was  jirobahlf  accus- 
tomed likr^  thiN  aiiinial  tu  live  in  wateru  and  marshy  pounds  ;  hut 
not  for  the  purpose  of  fishiog ;  for  like  the  water-rat,  the  hippop^ 
lainns,  and  the  whole  family  of  wild  boars  and  rfainocerosea,  the 
auoplotherium  was  herbivorous;  roaming  in  quest  of  the  snccnleat 

.  roots  and  stems  of  aquatic  plants.  From  its  swimning  and  diving 
apparatus,  it  must  have  had  glossy  hair  like  the  otter;  and  perhapa 
its  skin  was  even  half  naked  like  that  of  its  kindred  pachydermata. 
Its  entire  length,  including  the  tail,  was  at  least  eight  feet;  and 
about  five  feet  in  the  body,  which  is  the  length  of  the  body  of  ta 
aw  of  middle  size ;  but  the  latter  animal  stands  higher. 

The  Ant^tlotherium  graciie  was  alwnt  2  feet  high  at  the  saddle, 
nearly  die  height  of  the  cbamoia,  though  its  skull  and  other  bone* 
were  not  so  thick ;  but  this  proceeded  from  the  extreme  alendenieM 
of  its  limbs.  While  the  AncploAeriim  comniune  had  a  sln^iafa, 
and  awkward  pace,  when  it  walked  on  the  groand,  the  gndlt  was 
nimble  and  graceful ;  light  as  the  gazelle  or  chamoi*,  it  would  aeeH 
to  fly  round  the  marshee  and  the  tanks,  in  which  the  former 
species  swam  abont ;  it  would  browse  on  the  aromatic  herbs  of  the 
dry  pasturee,  or  nip  the  buds  off  tbe  trees.  Its  speed  was  nndonbt- 
edly  not  encumbered  with  a  long  tail;  hnt  like  all  Hbe&fxt  herbivota, 
it.waa  probably  a  timid  animal  with  laigs  moveable  ears,  each  aa 
those  of  deer,  to  warn  it  of  danger.  Its  body  would  also  be  clothed 
with  short  hair,  so  that  only  its  colour  ta  wanting  to  enable  oa  to 
pkint  it  as  it  formerly  enlivened  tbe  country  of  ita  sepulture. 

The  jftufilotkeraan  kpemtm  was  tbe  antediluvian  hare  of  dw 

tame  ivgioiu. 
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7.  The  superior  sandstones  and  marine  sands. — 
This  formation  is  composed  of  siliceous  sand  and 
sandstone,  in  beds  frequently  of  great  thickness  and 
extent,  but  with  the  two  surfaces  seldom  parallel. 
Both  of  them,  and  especially  the  upper,  often 
present  irregular  prominences  and  hollows,  of  a 
rounded  shape,  which  scarcely  ever  correspond ; 
whence  their  very  variable  and  unequal  depth.  The 
inferior  portion  of  the  beds,  consists  of  a  very  pure 
sand  quite  destitute  of  fossils  ;  the  superior  affords 
nodules  of  iron-ore  disposed  in  horizontal  layers. 
This  lower  mass  of  the  third  sandstone  deposit,  is 
in  many  places  terminated  by  a  rock  sandstone, 
limestone,  or  siliceous  limestone,  stored  with  sea 
shells,  constituting  a  marked  second  marine  format 
tion  above  the  chalk.  It  varies  in  colour,  solidity, 
and  even  composition ;  and  is  evidentiy  superior  not 
only  to  the  gypsum,  but  also  to  the  extensive  and 
very  massive  beds  of  sandstone,  and  sand  without 
shells.  There  is  therefore  in  the  environs  of  Paris, 
three  kinds  of  sandstone,  sometimes  very  like  each 
other  in  their  mineralogical  characters,  but  very 
diiferent  in  position,  and  geological  nature.  On 
observing  this  last  marine  formation,  placed  in  a 
position  so  different  from  the  others,  one  cannot 
help  reflecting  on  the  singular  circumstances  which 
must  have  presided  at  the  formation  of  the  beds 
above  described, 

8.  The  third  Jreshivater  formation  including  the 
marls  and  the  millstones. — This  formation  is  dis- 
tinguished from  the  two  preceding  by  its  position, 
and  by  some  geognostic  characters^  '«\iie\\\>.'w«fcN« 
are  not  sufficient   of  themseAvea,  Vo  Afc^^-aXfe  *. 
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with  certainty,  when  it  stands  insulated  from  the 
rest.  ■  But  its  position  in  the  vicinity  of  Paris,  so 
perfectly  distinct  from  that  of  the  second  fresh- 
water strata,  leaves  no  doubt  as  to  the  difference 
between  these  two  beds,  separated  as  they  are  by  a 
marine  formation. 

This  upper  larnslrine,  or  fresh  water  fonnatioD,  is  composed  in 
dijferenl  districts  of  different  rocks.  In  the  plain  of  La  Tiappe,  il 
1  of  white,  friable,  or  at  least  tender  calcareous  nmrU ;  in 
a  of  Epemon,  of  tr»iislncid,  liglit-grsy,  or  brown  hom- 
atonea ;  id  the  monntain  of  Triel,  Montreuit,  He,  of  opaque,  white, 
or  rose  coloured  jaspery  Sinta ;  and  on  the  pltunH  of  Mendoo, 
Montmorency,  Sanois,  la  Ferte-aona-Jonarre,  8cc.,  of  porous  or 
compact  mill  or  buhr  ntoues,  reddi'^h,  urayisli.  or  whitish  in  colour, 
Bometimea  without  ahells,  loinetimea  replete  with  iimjiei,  pianorbt*, 
potamidet,  helicef,  gyrogonites,  silicified  woods,  and  other  oi^amc 
remaina,  which  inuat  hftve  lired  in  the  fresh  waters,  or  on  the  anr- 
fac«  of  the  aotl. 

The  millstones  reat  immediUely  on  the  sonda,  which  contain  the 
sandstones.  That  fonnation  conaists  of  a  ferro-ai^illaceona  tand, 
greenish,  reddish,  or  even  whitish,  clajr  marl,  and  millatonea  pro- 
perly so  called.  These  three  substances  do  not  seem  to  follow 
any  fixed  order  in  their  superposition  ;  the  millstone  is  sometimea 
abore,  sometimes  below,  and  sometimea  in  the  middle;  and  the 
•ame  thing  may  be  rntd  of  the  sand  or  clay  marl.  The  hnhr-AtonM 
are  very  rarely  in  continaona  beds,  but  rather  in  an^ar  pieces,  as 
if  resnltittg  from  thin  beds,  broken  and  enveloped  in  the  clay  marl, 
and  in  the  iron-clay  sand.  The  millstone  is  well  known  to  be  a 
ulei,  riddled  throughout  wi^  a  multitnde  of  irref^lar  cavities, 
garnished  with  siliceous  network,  disposed  almost  like  the  reticular 
tissue  of  bones,  and  daubed  over  with  ared  ochrey  vamish.  These 
cavities  are  often  filled  with  clay-marl,  or  clayey  sand.  They  do 
not  communicate  with  each  other. 

Anotlier  geological  character  of  the  proper  bubr  stones,  nameljr 
of  such  as  by  the  continuity  of  their  maaa  are  fitteat  for  making 
Bont  miiUtoaea,  is  the  absence  of  eTer^  oTfjuat  \ra&>]  wnVna.1  qt  ve^    . 
table,  marine  or  fresh  water.     Someiunes  iii«w  Aoius.  wn  toNcisi. 
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only  with  vegetable  motild,  bat  often  also  we  6nd  abon  it; 
■ome  compact  buhr  stooee,  flints,  or  marlB,  including  fresh  water 
•bells  or  other  oi^anic  remains  (not  marine),  or  dilnml  rolled  peh- 
Uee  lying  io  a  cobtm  gmned  sand.  The  most  common  associate 
nl  the  millstones,  is  the  freshtrater  limestone,  nearly  pnre ;  the 
mixtare  of  limestaoe  and  ailex  is  next  in  abnndance,  and  the  great 
mMco  of  freshwater  siliceous  stones  are  the  nrest.  Whether  the 
Hmestone  be  marly  or  compact,  it  shows  very  ofiten  cylindrical 
csnties,  irregular,  and  nearly  parallel  though  unaoua.  This  fresh- 
water limestone  however  hard  when  taken  out  of  the  quarry,  some- 
times falls  down  into  a  coarse  powder,  by  the  action  of  the  wea- 
ther; on  which  account  it  is  chiefly  used  as  a  manure.        • 

But  what  characterises  essentially  this  formation,  is  the  presence 
of  freshwater  and  land  shells,  almost  all  similar  in  genera  to 
tlraw  now  found  in  the  French  marshes  or  pools  ;  such  as  Umnei, 
ptaKorha,  potamidex,  turbinated  sheUa  akin  to  the  ceriUt,  ejfdoi- 
iomet,  helica,  &c.  We  also  find  those  small  round  grooved  bodies, 
iriuch  seem  to  be  the  gnuns  of  a  species  of  chara.  (See  the  account 
nf  Loch  Bakie,  next  section),  Jt  is  remarkable  that  no  bivalve  shells 
oeenr  in  this  formation,  at  least  in  the  nnghbourhood  of  Faris. 

The  foUotoing  tettaceout  moUuaea  occur  .- 
Cyclostoma  elegans  antiqunm ;  potamides  Lamariui  j  planorbia 

rotnndatns,  comn,  Prevostinua ;  Umneiu  comeus,  fabulum,  ventii- 

eoens  inflatoa  ;  bulimns  pj^^eus,  terebra;  pupa  Defrandi ;  helix 

IiOnani,  Desmarestina. 

Here   are   also   several  vegetables  of  indeterminate  genera. 

Among  the  determinate,  are  chara  medieagiHiiia,  belicteres ;  and 

nymphiea  arethnsM  (rbizoma,  a  nibUrruneoM  Jftm). 

This  freshwater  formation  is  widely  spread,  not 
only  over  the  environs  of  Paris,  even  thirty  leagues 
to  the  south,  but  it  is  found  in  other  districts  of 
France.  It  has  been  recognised  by  M.  Brogniart 
in  Cantal,  and  in  the  department  of  Puy-de-Dome  j 
.and  it  occurs  in  many  other  places,  but  constantly 
vith  die  same  characters.     It  is  maVXei  o?  »sT\maft, 
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therefore,  that  it  has  hitherto  been  sq  little  noticed 
by  naturalists.     (Sec  next  Section.) 

The  great  extent  of  this  fonnation  in  the  envi- 
rons of  Paris,  and  its  presence  in  many  otlier  places, 
must  make  us  admit  tlie  existence  of  great  bodies 
of  fresh  water  in  the  ancient  state  of  the  earth. 
Although  we  had  no  other  examples  of  such  exten- 
sive iidand  lakes,  it  would  not  seem  more  difficult 
to  believe  that  they  must  have  existed,  than  to 
admit  the  presence  of  tlie  sea  over  tiie  ground 
which  constitutes  our  actual  continents,  along  with 
so  many  other  geological  phenomena,  no  less  inex- 
plicable, though  tliey  cannot  be  contested. 

But  in  tlie  case  under  consideration,  we  have 
still  before  us  in  the  present  state  of  the  earth, 
examples  of  freshwater  lakes,  almost  equal  is 
length  to  France  from  north  to  south,  and  of  im- 
mense breadth.  We  need  merely  look  to  a  map  of 
North  America  to  be  struck  with  the  vast  magni- 
tude of  lakes  Superior,  Michigan,  Huron,  Erie  and 
Ontario. 

And  in  the  operations  of  the  petrifying  calcareous 
waters  now  forming  the  travertmo  of  Italy,,  we  have 
an  example  of  a  great  ireshwater  formatimi  of 
rocky  strata,  as  denxe  as  any  in  the  limestone  beds 
of  Paris. 

On  reconsidering  these  beds  from  the  chalk  up- 
wards, we  conceive  first  of  all  a  sea  depositing  on 
its  bottom  an  immense  mass  of  chalk,  and  mollusca 
of  peculiar  species.  This  precipitation  of  the  chalk, 
and  of  its  attendant  shells  suddenly  stops ;  the  sea 
retires,  waters  of  another  kind,  very  probably  ana- 
/ogous  to  that  of  our  fres\\waVet  \^es,  satcte^,  wcA, 
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all  the  hollows  of  the  marine  formation  are  filled  up 
with  clays,  debris  of  land  vegetables,  and  of  fresh- 
water shells.  But  soon  another  sea,  producing 
new  inhabitants,  nourishing  a  prodigious  quantity 
of  testaceous  mollusca^  entirely  diiferent  from  those 
of  the  chalk,  returns  and  covers  the  clay,  its  lignites, 
and  their  shells,  to  deposit  on  that  basis,  thick  beds, 
composed  in  a  great  degree  of  the  shelly-coverings 
of  these  new  mollusca.  By  degrees,  this  produc- 
tion of  shells  diminishes,  and  also  comes  taan  end ; 
the  sea  withdraws,  and  the  soil  is  again  covered 
with  lakes  of  freshwater.  Alternate  strata  are 
formed  of  gypsum  and  marl,  which  envelope  both 
the  debris  of  the  animals  bred  in  the  lakes,  and  the 
bones  of  those  which  lived  on  their  banks.  The 
sea  comes  back  once  more  ;  it  breeds  at  first  some 
species  of  bivalve  and  turbinated  shellfish,  which 
disappear,  and  are  replaced  by  oysters.  An  interval 
of  time  now  elapses  during  which  a  great  mass  of 
sand  is  deposited.  We  are  led  to  believe  that  no 
organized  bodies  lived  at  that  period  in  this  sea,  or 
that  their  exuviae  have  been  completely  destroyed  ; 
for  none  are  to  be  found  in  the  sand-bed.  But  the 
varied  productions  of  this  third  sea  re-appear,  and 
we  again  observe  on  the  summit  of  Montmartre, 
Romainville,  the  hill  of  Nanteuil  le-Hadouin,  &c.  the 
same  shells  as  were  found  in  the  marls  placed  over 
the  gypsum,  which  though  really  different  from 
those  of  the  coarse-grained  limestone,  are  still  con- 
siderably like  them.  Lastly,  the  sea  withdraws 
entirely  for  the  third  time.  Lakes  or  marshes  of 
freshwater  take  its  place,  and  cover  with  the  re- 
mains  of  their  inhabitants,  the  tops  o?  ?\vc\o^\.  ^  'Owi 

2  c 
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hills,  and  the  surfaces  also  of  some  of  the  plains  be- 
tween them. 

Such  is  a  brief  transcript  of  the  atlmirahle  memoir 
of  MM.  Ciivier  and  Brogiuart  on  the  most  inter, 
estinp  formation  hitlierto  explored  by  the  joint  re- 
sources of  geology  and  physiology.  It  exhibits  an 
unfading  picture  of  the  convulsions  which  the 
primeval  globe  suffi^red,  a  few  centuries  prior  to  its 
close.  The  chalk  beds  of  both  tlie  Paris  and 
London  basins  evidently  stood  at  lirst,  near 
tlie  level  of  that  ancient  ocean,  as  may  be  de- 
duced from  the  billowy  undulations  on  their  sur- 
face. Had  they  lain  deep  under  water,  the  rolhng 
of  the  waves  could  not  have  chequered  their 
&ce  with  those  remarkable  ridges  tind  escava* 
tions,  wtvch  still  exist  to  indicate  the  cause  of  tbeiz 
origin. 

1.  It  was  about  this  geological  ^x>ch»  that  sooie 
of  the  great  fields  of  basajtic-lava  were  poured  ibrtik 
from  the  interioi;  of  the  globe,  spreadiag  over  the 
secondvjt  strata  of  chalk  aqd  sandstone,  as  we  see  . 
exemplified  in  the  north  of  Ireland,  in  Scotland,  and 
mapy  other  countries.  The  epoch  of  the  coverii^ 
(yver  of  the  great  chalk  formation  of  Antrim  with 
basalt,  coincides  with  the  covering  of  the  chalk 
basins  of  Paris  and  the  Isle  of  Wight,  with  thein 
tprtiary  strata,  The  acts  of  eruptive  violence  which- 
imm^ately  clothed  the  submarine  chalk  sur&ce  o£ 
one  r^ion  with  an  immense  sheet  of  lava,  nu^- 
haye  uph^ve4  the  chalk  slightly  above  the  level  oB 
the  sea  in  another  district  not  far  distant^  thus  con-. 
verting  a  marine  b^in  into  an  estuary  of  great  ex-  - 
teat,  which  probably  com^TeWtviei  sX  w«.ft  "Ooa- 
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London,  Isle  of  Wight,  and  Paris  basins.  For  the 
depression  between  them  that  forms  the  bed  of  the 
Eoglish  Channel,  is  very  trifling  in  proportion  to  its 
extent  of  surface  ;  and  is  very  much  exceeded  in 
depth  by  the  large  continental  lakes.  Th6  greatest 
observed  depth  of  the  water  at  the  western  extremity 
of  the  Channel,  between  the  Land's  End  and  Ushant, 
is  only  70  fathoms,  the  distance  between  the  two 
places  being  about  30  leagues  of  30  to  a  degree  ; 
whereas  the  lake  of  Geneva  is  nearly  double  that 
■depth  between  Lausanne  and  Evian,  while  the  dis- 
itnce  between  the  two  latter  places  is  only  about 
9  leagues.  The  greatest  depth  of  water  in  the 
,  narrowest  part  of  the  Channel,  between  Dover  and 
Cape  Blanc  Nez  is  thirty  fathoms,  and  the  distance 
6  leagues ;  and  between  Cape  La  Hogue  and  the 
Isleof  Portland,  a  distance  of  about  16  leagues,  the 
depth  of  water  is  only  45  fathoms.* 

2.  The  estuary  cut  off  from  the  sea  by  alluvium 
at  its  mouth,  would  become  progressively  fresh  by 
the  influx  of  river  .streams,  and  change  into  a  lake, 
on  whose  bottom,  clay,  vegetable  remains,  and 
freshwater  shells  would  be  deposited. 

3.  But  as  the  phenomenon  of  trap  veins  transpierc- 
ing one  another,  proves  that  a  series  of  submarine 
convulsions  took  place  at  successive  periods,  a  second 
eruption  of  basalt  might  inundate  the  take  tor  a  season 
with  a  shallow  body  of  sea-water,  introducing  with 
it  a  colony  of  new  inhabitants.  By  successive  de- 
posits of  their  exuviae,  along  with  calcareous  matter 
and  sand,  the  bottom  would  eventually  rise  above 

*  Mr.  de /«  Beehe;  G«rf.  Tiwu.  ad  Seriei.  V<A.Vv.M- 
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.  the  tide  level ;  and  the  sea  would  thus  be  slowly 
shut  out,  as  the  floodfj^ate  became  more  complete; 
the  production  of  sea-shells  would  proportionally 
diminish,  and  cease  entirely,  as  the  sea  withdrew, 
and  the  ground  became  once  more,  first  a  brackish 
marsh,  and  then  a  freshwater  lake.  (Ptfu  a  peu 
cette  production  de  coguilles  diminue,  ei  cesse  tout-O' 
fait ;  la  mer  se  retire,  el  le  sol  se  covvre  de  laes 
d'eau  douce.) 

■I:  Now  were  formed  the  solid  deposits  of  marly 
limestone,  as  in  the  travcrtino  of  Italy  :  now  the 

,  gypseous  waters  let  lail  tlieir  precipitate  oi'  soii 
plaster,  which  gradually  .consolidated  round  the 
bones  of  the  anoplotheria,  pakeotheria,  birds,  croco- 
diles, trionyx  tortoises,  palms,  and  other  produc- 
tions of  the  tropical  climate  which  then  obviously 
must  have  prevailed  in  the  latitudes  of  Lond^ 
and  Paris.  The  period  of  the  deluge  was  now 
drawing  nigh,  and  partial  dislocations  of  the  strata, 
began  to  betoken  that  awful  catastrophe.  The 
ocean  bed  once  more  upheaved  by  a  submarine 
expansive  force,  caused  its  waters  to  surmount  the 
embouchure  of  the  Parisian  basin,  and  make  it 
again  an  estuary  of  the  sea. 

5.  Now  the  third  marine  formation  of  Brogniart 
or  second  above  the  chalk  commenced,  with  its 
yeiiow  clay-maris,  its  sandstone,  and  marine  sands, 
its  marl  limestone,  and  upper  sea  marts.  These 
deposits  on  reaching  a  certain  height,  necessarily 
became  a  barrier  to  the  sea,  reconverting  the  basin 
into  a  freshwater  lake. 

6.  In  this  state  it  coTV^imiei.  V\Ul,  by  successive 
depositions,  and  the  drainage  oS  ^t  -waXKi*,  *&Kt 


RANGE  OF  FRESHWATER  STRATA,  EXTENSIVE.   341 

■ 

the  deluge,  it  was  finally  brought  into  the  existing 
condition. 

Thus  the  vicissitudes  of  the  land  and  ocean, 
portrayed  in  the  tertiary  formations,  harmonise 
perfectly  with  other  terraqueous  phenomena  of  the 
same  geological  period.  The  whole  may  be 
r^arded  as  characteristic  preludes  of  that  storm, 
which  ere  long  destroyed  the  old  world  and  its 
inhabitants. 

§  VIII.  CONCLUDING  OBSERVATIONS  ON  TERTIARY      ; 

STRATA. 

These  tertiary  strata  which  a  few  years  ago  had 
been  noticed  only  in  the  basins  of  Paris  and  London, 
are  found  to  be  most  extensively  distributed  over 
the  surface  of  the  globe.  Their  existence  is  now 
familiar  to  us,  in  almost  every  state  in  Europe, 
particularly  in  the  Sub-Appenine  formations,  where 
they  have  been  so  well  described  by  Brocchi,  and 
are  now  receiving  further  illustration  from  the 
able  hand  of  Professor  Guidotti  of  Parma,  Again 
we  trace  them  round  the  shores  and  in  the  islands 
of  the  Mediterranean  ;  at  Montpellier  and  Nice ; 
at  Savona,  Volterra  and  Rome : — in  the  fish-beds 
of  Mount  Lebanon, — and  the  nummulite  limestone 
that  forms  the  foundation  of  the  pyramids  of 
Egypt.  We  recognise  them  also  along  the  north- 
erti  shores  of  Africa,  and  in  Malta,  Sicily  and  Sar- 
dinia.  Mr.  Strangways  has  traced  them  largely  in 
the  Steppes  of  Southern  Russia — and  on  the  shores 
bf  the  Black  Sea  and  the  Caspian.  The  Russians 
in  t^eir  expedition  to  Bokaria,  have  found  them  on 
the  borders  of  Lake  Aral ;  and  finally  on  the  autho- 
rity of  Mr.  Crawfurd's  discovetie^,  ^e  ^^Xs&XyScv 
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tliem  in  a  considerable  district  of  the  Burmese  em- 
pire beyond  the  Ganges.* 

Mr.  Colebrooke  has  jiointed  out  analogies  be- 
tween the  tertiary  deposits  ol"  England  and  those 
of  Caribari,  which  form  a  band  at  tJie  base  of  the 
Thibetian  mountains,  and  extending  to  Silhet, 
contain  nummulites  similar  to  tliose  imbedded  in 
tlie  tertiary  limestone  of  the  Egjptian  pyramids, 
and  of  frequent  occurrence  in  the  calcareoua  rocka 
of  the  same  epoch  in  northern  Italy.  The  beds  of 
Caribari  present  the  very  association  of  organized 
remains,  tliat  characterise  the  tertiar)'  strata  of 
Europe,  in  which  extinct  genera  of  tlie  racli)der- 
mata  have  been  discovered.! 

The  distribution  of  the  tertiary  strata  in  discQO- 

.  tinupqs  patchy  and  basins,  is  another  interesting 

phenomenon  in  gecdogy  which  has  lately  received 

illustration  from  the  indefatigable  science  of  Dr, 

Bucklajod. 

Thus  the  tertiary  beds  of  the  Xx>ndQn  formation 
become  g^dually  contracted  in  their  progress  west- 
ward through  Berkshire,  until  they  terminate  in  ^ 
point  at  Savemake  Forest,  between  Hungerford 
and  Marlborough.  The  strata  of  chalk  on  whi<^ 
these  fonnations  repose,  dip  inwardly  from  the  cir- 
cumference towards  the  axis  of  the  basin,  and  sink 
nearly  on  all  sides,  beneath  overlyitig  beds  of  the 
pJLastic  and  hondon  clays.  To  this  arrangement  » 
remarkable  exception  occurs  near  the  Bouth-westerQ 
extremity  of  the  lusin,  a  few  miles  to  the  south  of 


•  Her.  Dr.  Bucklond.    Geol.  Ttwa.  ed  Series,  Vol.  II.  p.  387. 
tMr.Pea^ia4.m^v■39^. 
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'Newbury.  Here,  to  the  West  of  Kingsclere^  there 
is  a  sudden  and  unusual  elevation  of  the  chalk, 
accompanied  by  fracture  and  an  inverted  dip.  At 
Inkpen  hill  the  chalk  rises  to  the  height  of  1011 
feet,  its  greatest  elevation  in  England.  The  saddle 
form,  or  opposite  dip  from  Inkpen  to  Highclere  is 
seen  in  the  chalk  pits  along  the  intermediate  valleys. 

The  draini^e  of  such  valleys  is  generally  ejected 
by  an  aperture  in  one  of  their  lateral  escarpmeots, 
ftnd  not  at  either  extremity  of  their  longer  axis,  as 
would  have  happened  had  they  been  excavated 
simply  by  the  sweeping  force  of  water ;  and  as  it 
tt  utterly  impossible,  according  to  Dr<  Bucklstnd, 
to  explain  the  origin  of  any  valleys  of  this  descrip- 
tion by  denudation  alone,  or  of  their  terminal  ridges,- 
excepting  by  a  force  upheaving  them  from  below, 
and  elevating  their  strata  along  their  central  axis  of 
firacture,  he  designates  them  by  the  title  of  valleys 
0^  elevation ;  making  due  allowance  for  the  sob- 
sequent  ef^ct  of  ^avial  denudation.  A  very 
decided  example  of  a  valley  so  formedr  is  that  of 
the  Weald  of  Kent  and  Sussex,  already  adverted 
to,  p.  27s.  These  phenomena  may  be  regarded 
as  of  frequent  occurrence  in  the  formations  of  all 
ages,  and  as  indicating  the  multitude  of  disturbing 
causes  by  which  the  earth's  surface  has  been  af- 
fected. The  same  evidence  proves  that  the  present 
inwards  inclinaticHi  of  the  southern  edges  of  the  . 
basins  of  London  and  Hampshire  has  taken  place 
since  the  deposition  of  the  plastic^  and  probably  of 
the  London  clay ;  synchronous  with  the  Paris  basin. 

Now,  do  these  plains  afibrd  any  proof  tbi«.\.  thi^ 
^rtiary  strata,  which  repose  almost.  ex^XuawA'^ 
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I  Within  their  basins,  have  been  originally  more  con- 
l  (inuous  than  they  are  at  present,  or  perhaps  united 
'  together  ?     In  fact,  their  disjoining  hilly  ridges, 
•■  varying  in  heiglit  from  600  to  1000  feet,  exhibit  on 
L  their  loftiest  summits,  traces  of  the  ancient  union 
I  of  the  tertiary  strata.     Tlie  separation  into  the  two 
)  distinct    basins    of  London  and    Hampshire,   lias 
resulted  partly  from   local  elevations  and  depres- 
nons  by  subterraneous  violence,  since  the  deposi- 
tion of  the  plastic  clay ;  and  partly  from  the  more, 
tecSeat  removal  of  much  of  their  substance,  by 
diluvial  denudations. 

To  this  head  belongs  the  remarkable  fact  of  the 
occurrence  of  insulated  portions  of  tertiary  strata, 
as  well  as  of  chalk  and  greensarid  on  the  summits 
of  the  Savoy  Alps,  at  elevations  of  more  than 
10,000  feet  above  the  level  of  the  sea ;  which  seem 
to  bear  the  same  relation  to  the  tertiary  strata  of 
the  vaUeys  of  Italy^  France,  and  Germany,  tliat  our 
trifling  hills  of  Inkpen,  Blackdown,  and  the  North 
Downs,  bear  to  the  lower  regions  of  the  English 
basins.  "As  these  Alpine  deposits  are  contem- 
poraneous fragments  of  the  more  extensive  strata 
of  the  adjacent  low  countries,  we  are  forced  in 
explaining  their  present  position,  to  adopt  one  or 
other  of  two  conclusions  j  either  that  at  the  time  of 
the  deposition  of  these  strata,  the  sea  covered  not 
only  the  highest  portions  of  the  chalk  of  England, 
but  also  the  summits  of  the  Savoy  Alps ;  or,  that 
since  the  deposition  of  these  beds,  by  elevation  of 
the  mountains  or  depression  of  the  valleys,  or  by 
the  united  effect  of  both  these  causes,  the  relative 
level  of  the  one  to  the  ofeet  \iaa  Vjeea  doaa^e.^  Vs 
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BXk  amount  of  many  thousand  feet.  Now,  as  the 
undisturbed,  and  nearly  horizontal  position  in 
which  the  tender  and  frangible  materials  of  the 
tertiary  strata  still  remain  in  the  basins  of  Paris  and 
Lombardy,  forbids  us  to  suppose  that  any  depres- 
sion could  have  brought  them  down  so  quietly 
to*  their  present  level,  the  theory  of  thfe  elevation 
of  those  few  portions  which  occupy  the  Alpine 
summits,  remains  by  far  the  most  probable  that  is 
submitted  to  our  choice."* 

The  idea  first  suggested  from  the  examination  of 
the  basins  of  Paris  and  Lombardy,  that  the  tertiary 
strata  were  limited  in  their  extent  to  certain  hollow 
spaces,  within  the  area  of  the  chalk,  has  been  proved 
to  be  incorrect,  by  the  discovery  of  similar  strata, 
very  extensively  over  Europe ;  an  excellent  account 
of  which  has  been  recently  given  by  M.  Brogniart, 
in  the  2d  edition  of  his  History  of  the  Environs  of 
Paris. 

They  have  been  found  to  occur  also,  as  we  have 
said,  in  the  most  distant  regions  of  Asia,  Africa, 
and  America  ;  so  that  deposits  which  were  at  first 
considered  as  simply  local,  are  proved  to  be  among 
the  most  extensive,  as  well  as  the  most  recent,  that 
have  taken  place  on  the  globe ;  and  as  their  general 
position  is  certainly,  for  the  most  part,  in  the  lowest 
spaces  of  the  earth's  surface,  and  their  existence  on 
mountain  summits  but  an  occasional  and  rare  ano- 
maly, the  most  simple  solution  of  their  appearance 
in  such  lofty  situations,  will  be  found  in  the  hypo- 
thesis, that  these  mountains  have  been   elevated 

•  Dr.  BudJand— Geol.  Trans.  2d  Scne»,\oV  \\-  ^«  \V^- 
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once  the  period  at  which  the  deposition  of  the 
tertiary  strata  took  place.* 

The  freshwater  formations  of  the  tertiary  strata 
of  Paris,  London,  &c.  have  liad  mucli  light  thrown 
OD  their  origin,  by  Mr.  LycU's  masterly  examination 
of  the  freshwater  limestone,  of  Loch  Bakie  iii  For- 
farshire. 

This  Hmestone  resembles  the  tufa  deposited  1^ 
springs  which  issuing  higldy  charged  with  car- 
bonic  acid  or  sulphuretted  hydrogen  from  lime- 
stone strata,  contain  a  quantity  of  lime  in  solution  ; 
as  in  Italy  at  the  waterfall  of  Terni,  at  the  baths  of 
St.  Philip  on  the  frontiers  of  Tuscany  some  mites 
from  Radicofani,  and  near  Rome  at  the  cascade  of 
Tivoli,  and  the  lakes  of  Tartari  and  Solfiitaria.  The 
modem  deposit  most  analogous  to  that  of  the  Bakie, 
is  t^  limestone  now-  forming  daily  under  water  at 
Cze^d,  and  other  plains  in  Hungary,  as  described 
by  M.  Beudant.  It  encloses  Planorbes  and  other 
afadls  identical  with  those  living  in  the  neighbour- 
ing marshes.  //  is  traversed  by  tri^gaiar  tubes 
vhicb  are  perpendicular  to  the  surface  of  the  slabs  ; 
and  are  considered  by  M.  Beudant,  as  having  been 
caused  by  the  dis^igageonent  of  gas. 

Of  the  ancient  freshwater  limestones,  the  most' 
simirlar  to  tbe  rock  marl  of  the  Bakie  are  those  oi 
Italy.  This  kind  of  limestone  having  been  quarried 
extensively  1^  the  Romans  near  Tivoli  (Tibur)  haa 
acquired  in  Italy  the  name  of  travertino,  (/apir 
tiburlinus),  a  term  generally  applied  now  to  any 
modem  tu^  or  soft  and  cavernous  limestone.   The 

»  Dr.  Buckhnd-GeoL  Tt»B».Ma««>.N&.\Vv.\«i. 
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travertino  is  white  when  first  taken  from  the  quarry, 
but  af^i"  a  time  it  becomes  yellowish,  and  at  length 
acquires  that  reddish  hue  which  is  so  agreeable  to 
the  eye,  and  so  much  heightens  the  architectural 
effect  of  the  monuments  of  ancient  Rome.  It  is 
the  material,  in  fact,  of  which  not  only  the  Coliseum 
and  many  other  ancient  works  in  Rome  are  con- 
structed, but  also  the  far  older  temples  in  the  Gre- 
cian colony  of  Paestum. 

The  long  sinuous  cavities  which  pass  from  the 
bottom  to  the  top,  so  parallel  to  one  another  as  to 
appear  artiflcial,  are  considered  by  M.  Brogniart 
as  of  invariable  occurrence  In  the  freshwater  lime- 
stones ofall  countries,  and  as  absolutely  characteristic 
of  euch  formations.  He  also  traces  the  origin  of 
the  hillsof  travertino  which  bound  the  valley  of  the 
£lza  in  Tuscany,  to  rivulets  actually  existing  which 
still  deposit  tufa,  and  which  before  the  surface  was 
modified  by  the  eruptive  and  denudating  violence  of 
the  deluge,  flowed  out,  and  deposited  tufa  on  a 
level  with  the  summit  of  those  hills. 

In  the  marl-loch  of  the  Bakie,  Mr.  Lyelt  points 
out  close  analogies  with  the  particulars  recorded  by 
MM.  Cuvier  and  Brogniart  of  the  freshwater  de- 
'  posits  of  the  Paris  basin.  1st,  There  is  a  very  com- 
pact limestone,  crystalline  in  parts ;  2d,  extensive 
deposits  of  white  and  yellowish  calcareous  marl,  in 
which  testaceous  remains  are  of  casual  occurrence ; 
3d,  vegetable  remmns  wholly  converted  into  lime- 
stone. The  only  distinctive  feature  in  the  ancient 
lacustrine  deposits  is  the  flints,  either  in  nodules  or 
calcareo-siliceous  beds  j  but  even  these  are  formed 
by  modern  thermal  waters  under  volcaow:  vtA.MCft,cft, 
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whence  M.  Brogniart  conjectures  that  the  silex  oC 
ancient  freshwater  formations  was  precipitated 
where  we  now  fiad  it,  from  tlie  vaten  of  tfaennd 

B^ween  the  aquatic  plants  and  animalB  oTtlie 
aodent  and  modem  deposits,  the  closest  relatiixi 
•ubsifts^}  the  genera  in  the  two  cases  hdng  nesrljr 
identical,  fa  bodi  cases,  among  the  testacea,  are- 
lynuieee,  plamobes,  &c. ;  among  the  cnutacea— the 
genur  cyfrn;  and  ambng  the  pknts,  the  gi^ua 
xhar%  with  its  fonilized  seed-vessel  the  gyn^^onfte. 
BeautiAil  engravings  of  the  fossil  fharas  of  the 
Bakie  rock-marl  accompany  Mr.  Lyell's  very  inter- 
esting paper. 

Thfe  BinaJl  point  among  tbe  mai^DiI 
figures,  in  tbe  gyrogonite,  or  fossilized 
pericBTpiuni  of  cboia,  found  ia  the 
L  tufacBons  limeatone  of  the  Bitkie  Locli ; 
/  of  the  nBtnral  site.  The  large  oral 
figure  is  the  above  ma^iBed  20  dia- 
era,  and  the  round  one,  represeoti 
tbe  lower  end,  to  which  tbe  stem  was  attached.  The  cAara  ttttdi- 
coffinula  of  tbe  lower  freshwater  formation  of  the  Isle  of  Wight  i* 
Dearly  twice  the  above  aize,  and  different  in  its  Bpires. 

The  magnitude  of  the  ancient  freshwater  lal^es 
is  not  without  modem  parallel,  though  nowadays, 
the  deposition  has  become  comparatively  slow  from 
the  reduced  temperature,  and  smaller  dimensions 
of  the  present  race  of  European  testacea.* 

If  this  earth  be  a  school  of  virtue  to  man  under 
the  direction  of  Providence,  and  if  public  calami- 
ties be  requisite  to  maintain  its  moral  discipline 
over  Uie  short-lived  race  of  the  present  day,  what 

•  Geol.  Trana.  %i,  5e«»,'Vo\.  \\.,?.1V 
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penal  prodigies  would  be  necessary  to  restrain  the 
wickedness  of  Cain  and  his  apostate  brood  !  The 
inspired  historian  dbes  not  indeed  give,  in  his  brief 
sketch  of  antediluvian  society,  any  details  of  such 
occasional  manifestations  of  Divine  wrath,  though 
the  disordered  fabric  of  the  globe  bears  ample  tes- 
timony to  their  repeated  occurrence,  but  in  his 
solemn  account  of  the  concluding  catastrophe, 
he  most  explicitly  ascribes  the  physical  convulsions, 
to  the  indignation  of  Heaven,  He  tells  us  more- 
over, that  Noah,  favoured  with  a  prophetic  view  of 
the  coming  calamity,  built  by  Divine  command  a 
vast  edifice  of  wood  to  float  himself  and  family 
through  an  universal  deluge,  from  which  no  other 
mode  of  escape  would  be  possible.  That  Noah 
was  commissioned  to  declare  to  the  reckless  mor- 
tals around  him,  the  long-suftering  of  God,  and 
to  preach  repentance,  while  the  ark  was  pre- 
paring, St.  Peter  expressly  informs  us.  We  may 
readily  imagine  the  derision  with  which  the  unpar- 
alleled architecture  of  the  pious  patriarch  was 
regarded  by  his  compatriots ;  and  the  insolent 
defiance  with  which  they  received  the  admonitions 
of  the  Almighty.  That  Noah's  warning  voice  was 
seconded  by  miraculous  powers  over  the  pheno- 
mena of  nature,  we  are  not  told.  But  as  Moses, 
and  all  his  great  successors,  were  furnished  with 
supernatural  credentials  of  their  prophetic  mission, 
there  is  little  reason  to  doubt  that  to  NoSih  also  such 
powers  of  controlHng  or  predicting  events  might 
be  delegated,  as  would  strike  terror,  for  a  time  at 
least,  into  the  most  depraved  and  the  bolde&t 
hearts. 
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IW  WHICH  THE  CAUSES  OF  THE  ANTECEDENT  HEVOLUTIOKS  OF 
THE  EAtftH,  AHD  OHOAKIC  BEINGS  ARE  GDNSIDEBEn 
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DELUGE,  WHICH  NEW-MODELLED  THE  EARTH. 
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*'  I  CONCLUDE  with  MM.  Deluc  and  Dolomieu, 
sftys  the  illustrious  Cuvier,  '*  that  if  there  be  any 
fact  well  established  in  geology,  it  is  this,  that  the 
surface  of  our  globe  has  suffered  a  great  and  sudden 
revolution,  the  period  of  which  cannot  be  dated 
further  back,  than  five  or  six  thousand  years.  This 
revolution  has  on  the  one  band,  ingulphed  and 
caused  to  disappear,  the  countries  formerly  inhabit- 
ed by  men,  and  the  animal  species  at  present  best 
known  ;  and  on  the  other,  has  laid  bare  the  bottom 
of  the  last  ocean,  thus  converting  its  channel  into 
the  now  habitable  earth."* 

That  a  great  expansive  and  subversive  power 
exists  within  the  crust  of  the  earth,  which  has  at 
remote  periods,  acted  with  prodigious  force,  raising 
up  and  laying  dry  those  submarine  strata,  and 
transferring  the  waters  of  the  ocean  thence  over 
ancient  lands,  is  attested  by  innumerable  pheno- 
mena. Concerning  the  chemical  nature  of  this 
power,  there  can  be  little  doubt.  Modern  volcanic 
eruptions,  though  merely  its  expiring  efforts,  clearly 
indicate,  that  the  earthy  and  alkaline  oxides  of 
terrestrial  crust,  exist  iTvtenoily  \tv  a  metallic 
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State,  fhsed  by  the  central  heat,  ready  to  produce 

explosion  to  any  imaginable  extent,  on  the  influx 
of  water. 

Of  this  mighty  deluge,  the  concomitant  and 
effect  of  the  transflux  of  the  ocean  which  anciently 
covered  a  large  portion  of  the  present  habitable 
earth,  we  have  universal  evidence.  Nearly  the 
whole  table  lands,  and  gentle  acclivities  of  the 
mountains  are  covered  with  deposits  of  gravel  and 
loam,  to  the  production  of  which  no  cause  now 
Men  in  action  is  adequate,  and  which  can  therefore 
be  referred  only  to  the  waters  of  a  sadden  and 
transient  deluge.  This  depont  is  hence  called  dibt- 
vium  by  geologists.  In  it,  the  pebbles  and  loam  are 
always  promiscuously  blended,  whereas  among  the 
Tegular  secondary  and  tertiary  strata,  they -occur 
separate  in  alternate  beds.  The  terra  aUuvium  is 
bestowed  on  the  marl,  sand,  and  gravel  deposited 
by  existing  rivers  and  lakes,  or  on  pkmes  exposed 
to  occasional  inundation.  The  ablest  writers, 
Cuvier,  Buckland,  Brogniart,  Conybeare,  &c.  now 
aAxypi  these  distinctions. 

**  In  the  whole  course  of  my  geological  travels," 
says  the  Rev.  Dr.  Buckland,  "  from  Cornwall  to 
Caithness,  from  Calais  to  the  Carpathians,  in  Ire- 
land or  in  Italy,  I  have  scarcely  ever  gone  a  mile, 
without  finding  a  perpetual  succession  of  deposits 
of  gravel,  sand,  or  loam  ip  situations  that  cannot 
be  referred  to  the  articm  of  modem  torrents,  rivers 
<x  lakes,  or  any  other- existing  causes;  and  with 
resfiect  to  the  still  more  striking  diluvial  phenome- 
non of  drifted  masses  of  rocks,  the  greatet  \|scrt.  ol 
rfttf  northern  /lemisphere,  from  Moscow  \a  "ioR.  M»* 
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mn^,  is  described  hy  various  geological  travellen, 
as  strewed. on  its  hUIs  aa  well  as  valleys  '^th  blocks 
of  granite  and  other  rocks  of  enonnous  magDitude^ 
which  have  been  drifted  (mostly  in  a  direction  from 
north  to  south)  a  distance  sometimes  of  many  hun- 
dred miles  from  their  native  beds,  across  mouqtaiiu; 
and  valleys,  lakes,  and  seas,  by  a  fOTce  of  watefi 
'Which  must  have  possessed  a  vdocity  to  which 
nothing  ^at  occurs  in  the  actual  state  of  the  globe 
afibrds  the  slightest  parallel." 

Theorists,  particularly  of  the  Huttonian  creed, 
have  greatly  overrated  the  disint^rating  power  of 
streams  on  the  surface  of  the  globe,  and  the  conse- 
quent extent  of  common  alluvium.  Their  fiction 
of  cosmogony  required  a  transfer  of  the  mountain 
elevations  and  table-lands  to  the  bottom  of  the  sea, 
and  they  did  not  fail  to  paint  their  rapid  transport, 
and  deposition  there.  To  the  erosion  of  a  streamlet, 
however  inconsiderable  its  size,  they  ascribed  the 
excavation  of  every  great  valley  which  it  traversed. 
But  this  is  often  a  mere  thread,  compared  to  the 
sloping  width  of  the  valley,  and  should  at  the  utmost 
have  produced  merely  a  narrow  and  precipitous 
glen.  The  observed  action  of  such  a  brook  is  rather 
to  fill  up  the  dell  through  which  it  glides,  than  to 
enlarge  its  dimensions.  We  may  ask  these  theorists, 
how  the  Gave  in  tlie  territory  of  Beam,  could 
scoop  out  incognito,  so  to  speak,  the  profound 
excavation,  in  whose  bottom  it  is  encased,  near  the 
bases  of  the  Pic  de  Bergon  above  St.  Sauveur, 
between   two  natural  walls,  several  hundred  feet 

[h,  composed  of  very  hard  petrosilex  (chert),  the 
surfaces   and  acute  ang\es  o?   w\\\Oft  $ivs^\wj 
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tlmiugh  their  whole  height,  do  sign  of  erosion,  or 
of  the  action  of  water,  save  at  the  very  bottom, 
where  the  river  has  slightly  rounded  the  rocky  pro- 
minences,  but  always  at  the  same  level,  though 
sweeping  over  the  channel  for  so  many  ages  ?  In 
fact,  rivers  occupy  the  bottom  of  the  valleys,  which 
were  previously  hollowed  out  by  the  diluvial  deflux, 
to  be  presently  described.  An  example  will  hardly 
be  found  of  a  valley,  which  can  be  legitimately 
ascribed  to  the  action  of  the  stream,  that  is  seen 
pa8»ng  through  it. 

Torrents  indeed  do  exercise,  on  the  surface  of 
the  earth  a  real  dig^ng  and  degrading  action,  yet 
irom  the  meaning  attached  to  the  term,  this  action 
cannot  be  extensive ;  for  a  torrent  is  a  stream  of 
water  running  down  a  rapid  slope.  But  on  com- 
paring the  height  of  the  most  elevated  summits  of 
the  earth,  with  the  expanse'  of  its  surface,  the  total 
declivity  of  any  river  must  be  very  gradual,  its 
torrent  force  must  be  restrsuned  to  narrow  limits, 
and  its  effect  be  confined  to  the  fonnation  of  short 
and  strait  ravines.  Even  this  action  is  for  the  most 
part  merely  local  and  transient,  as  every  person 
may  convince  himself  by  visiting  high  mountain 
chains.  It  presents  no  remarkable  effect  except  on 
the  heaps  of  rubbish  (diluvial)  which  cover  the 
rides  of  the  mountains ;  or  on  broken  rocks,  par- 
tially decomposed  by  other  means ;  or  on  loose 
soil.  The  results  of  this  very  action  tend  to  restrain 
it  within  still  narrower  limits,  by  strewing  about  on 
the  valleys  or  plains  at  the  oudets,  the  rubbish  which 
the  torrents  had  swept  down.  The  elevation  of  the 
grouad,  a  necessary  consequence  of  the  acc^rca\)^a^ft\ 
2d 
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debiifl^'  dtminiRheB  |irqKkrtiotiall]r  Hie  dofle^  thb 
rapidit|r,  and  the  power  of  the  water. 

The  impulsive  force  of  great  masaes  of  mimiiig 
water  is  undoubted,  and  will  be  afterwards  exemjdi" 
fied.  But  the.  operation  of  river  torrents,  appean 
great  to  us  only  because  we  judge  according  to  IkA 
measure  of  our  feeble  means.  But  how  slight  ami 
circumscribed  are  the  changes  thereby  produced  oa 
the  configuration  of  the  globes  in  comparison  of 
those  wide  and  long  valleys,  which  in  multitudes 
furrow  the  immense  surface  of  the  6arth  I  It  may  be 
proved  indeed  that  neither  tdrrdnts  nor  the  great 
existing  water-runs  have  in  any  manner  contributed 
to  their  formation. 

Rivers  while  flowing  amid  thek  parent  moun- 
tains, frequently  partake  of  the  character  of  torrents. 
Here  they  run  sometimes  with  rapidity,  in  a  great 
body,  at  the  bottom  of  deep  and  narrow  valleys. 
They  seem  incased  in  canals,  hewn  as  it  were  out 
of  perpendicular  masonry.  The  first  idea  that  occurs 
to  every  person  who  sees  these  facts  for  the  first  time, 
and  who  has  reflected  little  upon  them,  is  that  the 
streams  have  scooped  out  these  profound  channels, 
and  if  the  hardness  of  the  rocks,  and  the  height  of 
the  escarpments  and  mountains  which  flank  them, 
appear  too  considerable  and  immense  in  reference 
to  the  small  water  courses  which  wind  at  their  base^ 
time  by  its  continual  operation  is  supposed  to  com- 
pensate for  want  of  force. 

Without  stopping  to  examine  what  a  long  series 
of  ages  it  would  require  for  such  rivers  as  we  have 
^escribed,  or  for  the  streams  incased  in  the  profound 

eys  of  the  Alps,  the  P>|t«u^^^^  ^xksSi  v.Vv^  Jvita^ 
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to  be  able  to  excavate  theae  valleys,  upon  which 
their  real  action  is  so  slow  that  nobody  has  hitherto 
been  able  to  appreciate  it ;  without  inquiring  at 
present  whether  this  long  series  of  ages  will  accord 
with  other  natural  phenomena  which  do  not  permit 
us  to  suppose  the  existing  state  of  the  terrestrial 
surface  to  possess  so  remote  an  antiquity,  it  will  be 
sufficient  to  relate  here  four  sets  of  observations  to 
be  satisfied  that  the  actual  runs  of  water,  even  with 
a  ten  times  greater  volume  than  they  have,  could 
not  possibly  have  excavated  the  profound  channels 
oa  whose  bottoms  they  flow. 

1.  We  mnat  first  of  all  transpDit  oar  imagination  to  the  epoch 
wban  the  two  monnttun  rid^  which  now  flank  die  actual  valley 
oa  mtber  side,  were  not  t/tt  teooped  out  by  the  itrtam,  but  were 
wuted,  leaving  between  them  no  hollow,  or  at  most,  a  alight  primt- 
tiTe  deprcMioD.  The  bottom  of  the  valley  being  thos  filled  up 
frOD  the  origin  of  the  Btrearo,  (for  we  muat  stmt  from  this  point,) 
dl  bIoi^  to  die  complete  depression  of  the  lateral  hills  into  tbe 
lerel  of  tbe  plaui,  the  water  would  be  mndi  less  rapid.  Snppoeing, 
die  nme  body  of  wal«r,  it  muM  bare  flowed  therefore  with  leas 
*dodty,  and  conseqaently  with  much  less  force.  But,  on  tlie 
olber  hand,  it  must  have  had  an  immense  force  to  be  able  to  carry 
off  ft  portion  of  gronnd  which  may  be  nearly  represected  by  a 
triangular  prism  laid  in  the  direction  of  its  axis,  having  in  many 
eaaea  more  than  500  yards  in  width,  and  a  vertical  thickness, 
■ometimcs  equal  to  that,  and  often  much  greater.  If  to  escape 
from  this  dilemma,  a  volnme  of  water  be  supposed  incomparably 
more  considerable  than  what  actually  mns,  to  which  such  great 
dfects  are  ascribed,  much  loftier  and  more  extensive  mountains 
■mat  also  be  supposed  in  order  to  give  origin  to  sach  an  increased 
flow  of  water. 

Were  that  hypothesis  the  only  stumbling-block,  and  were  there  no 
£i8Ct  observations  be«des  to  forbid  the  admisdon  of  that  dt^r^gat- 
ing  force,  and  its  effect,  we  might  pass  onwaids,  bni.  twti  «i!b» 
^bterrstions  render  the  old  water^wearuig  Viy^^wms  V^nAsai^ 
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2.  Historical  documents  all  conciu-  to  prore,  tliat  Btreams  pm- 
Msxing  the  greiit«Bt  power  that  can  be  ascfibed  to  ttiem,  have  no 
appreciable  erosirc  action,  opon  the  rocka  over  which  they  ruik 
It  has  not  been  remarked,  that  thp  greater  part  of  cascsilea,  cataracts 
or  rapids,  knotrn  and  cited  for  tnariy  ages  on  account  of  their 
celebrity,  have  diiappeared  or  even  perceptibly  diminished  ;  or 
consequently  that  the  imtDial  dike  which  the  stresm  encotintend 
has  been  worn  do«m  or  completely  subverted.  Cascades  have  not 
been  observed  to  cbange  into  cataracts,  and  these  again  into  rafuds. 
From  time  immemorial  the  cataracts  of  the  Nile  have  been  talked 
of,  as  always  preventing  the  navigation  of  that  river;  those  of  the 
Danube,  the  fait  of  the  Itfaine.  kc.  Since  written  records  were 
known,  ne  find  the  famous  cascades  of  the  Alps  and  Pyrenees 
referred  to;  yet  amid  all  these  examples,  we  can  notice  hardly  tws 
or  three  cascades  depressed,  or  cataracts  smoothed  sway. 

The  only  cascade  that  can  be  quoted  as  being  really  dimioished 
in  height,  is  that  of  Tnngaska  in  Siberia.  We  do  not  meui  to 
deny,  that  there  may  possibly  be  others.  So  many  different  came* 
besides  erosioa  may  contribute  to  lower  a  cascade,  even  to  make 
it  disqtpear  alh^ther,  that  we  should  rather  be  surprised  at  thg 
•mall  nnmber  of  known  instances,  than  embarrassed  by  the  ohjec- 
tions  thereby  adduced ;  for  the  ftdl  of  a  part  of  the  rock,  which 
forms  the  brink  of  the  cascade ;  an  abundant  accumnlaticm  of 
mbbisb  at  the  foot  of  the  escarpment ;  a  real  destruction  of  the 
loose  soil  from  the  upper  strata  of  the  mountain,  are  causes  adequalo 
to  change  the  heights  of  water  blls.  These  causes  most  occar 
pretty  often ;  but  bow  different  is  their  action  from  that  of  erodon. 
Hiifl,  if  it  existed  in  the  Huttonian  senae,  would  extend  from  the 
aource  of  the  stream  down  to  its  embouchure,  eserdsing  on  the  confi- 
gnistion  of  the  surftice  of  the  earth,  a  considerable  influence.  Such, 
•s  we  have  pointed  out,  however,  have  so  limited,  so  local  an  action, 
u  to  be  hardly  ^tpreciable. 

S.  Grsn^g,  for  a  moment,  that  a  stream  endued  wjtb  an  erosire 
or  comminuting  force,  of  which  we  have  no  parallel,  has  been  able 
to  dig  out  the  wide  valley,  at  whose  bottom  it  now  runs  in  a  state 
of  weakness  very  different  iirom  its  primitive  condition,  we  must 
account  for  the  immense  mass  of  earth  and  rock  which  filled  the 
valley  before  the  stream  had  carried  it  away. 
''  •■  impowible  to  BnppQaBilialL\t.N«aBmns^(nuAYavaiV««M. 


WATER  ALONE  CANNOT  WEAR  ROCKS.    957 

ly  himdied  miles  distant  from  the  valley :  for  it  ia  known,  Aat 
on  reaching  the  plains,  lose  their  velocity,  and  let  fell  every 
thing  which  they  held  in  suspension.  We  may,  besides,  remark, 
Aat  several  streams,  on  qaitting  the  mountains,  pass  into  lakes, 
where  they  deposit  all  the  earthy  matters  which  they  held  in  sus- 
pension. This  disposition  is  particularly  striking  in  all  the  rivers  of 
considerable  size  which  descend  from  the  ridges  of  the  Alps  on  the 
noith-west  and  south-east  slopes  of  that  chain  of  mountains.  These 
•Craams,  at  the  opening  of  the  valleys  which  they  traverse,  faHl  into 
lakes  which  seem  destined  to  purify  them.  Thus,  on  the  northern 
slope  we  see  the  Rhone  pass  through  the  lake  of  Geneva ;  the  Aar 
through  the  lakes  of  Brientz  and  Thun ;  the  Rheuss  through  the 
lakes  of  the  four  Cantons ;  the  Linth  through  the  lake  of  Zurich ; 
and  the  Rhine  through  the  lake  of  Constance.  On  the  southern 
declivity,  th^  Lago  Maggiore  is  traversed  by  the  Tlcino ;  the  lake 
of  Como  by  the  Adda ;  the  lake  Desio  by  the  Oglio ;  the  lake  of 
Gnarda  by  the  Mindo,  &c  Now,  these  lakes,  which  are  merely 
portions  of  the  valleys,  but  of  much  greater  depth,  would  have  been 
filled  up  by  the  rubbish  swept  out  of  the  upper  valleys,  if  their 
excavation  had  had  the  origin  which  many  have  imagined. 
Rambling  from  hypothesis  to  hypothesis,  it  may  perhaps  be  con- 
jectured that  these  lakes  had  originaUy  such  a  depth,  that  they 
could  ingulf  all  the  rubbish  of  the  immense  valleys  without 
becoming  full.  But  instead  of  getting  entangled  with  such  extra- 
vagant suppositions,  why  not  admit,  that  the  same  unknown  cause 
iribich  hollowed  out  the  bed  of  the  lake,  also  hollowed  out  the 
valley,  which  is  nothing  more  than  its  prolongation  ? 

4.  If  actual  and  evident  hcis^  however,  proved  that  waters 
wear  down  rocks,  scoop  them  out,  and  perpetually  wash  away 
their  parts,  we  should  perhaps  be  led  to  conclude,  that  causes  of 
iriuch  we  know  absolutely  nothing,  and  of  which  indeed  we  can 
form  no  idea,  have  given  to  the  primitive  streams  the  means  of 
overcoming  every  obstacle.  But  observation  seems  to  prove  the 
very  reverse. 

It  has  been  recently  remarked  by  Brogniart,  and  long  ago  by 
Delnc,  Dolomieu,  Ramond,  &c  that  the  rapid  streams,  which,  in 
piedpitous  valleys,  &11  in  cascades  from  rock  to  rock,  and  strike 
furiously  against  the  lateral  stone  banks,  produce  no  change  what- 
ever on  these  rocks ;  and  that  far  from.conodsn^iiMflx  tsusSftn^^^vi 


358     TOOK  III.-CHAP.  I.-THE  DELUGE  mOVED. 

»Uow  them  to  ^t  cowered  with  a  rich  regctation  of  mosses,  coti- 
(arne,  (h:  a  rp^eiation  which  couhl  not  BubBist,  nor  exea  com' 
mence,  if  the  U'Bst  film  of  the  surfafe  of  thes*  rocks,  were  con- 
etsDtlp,  or  evco  freqiiently,  worn  away. 

A  much  more  striking  fact  is  prescDteil  by  same  of  ihe  great 
livera,  ^»  the  Nile  auil  Oroaoco,  &c.  whkh  flow  in  the  equatorial 
reKio"^-  These  powerful  sttrejuns,  on  their  arrival  iu  posiiioni 
which  confioe,  h:i(],  aa  it  were,  incase  tbem  betwei^n  two  walls  of 
rock,  form  there  iiupetuoos  cataracts.  Tlieir  waters,  endoweil  hy 
the  vEilocity  of  desr^nt,  with  the  greatest  erosive,  or  diauutegrating 
force  that  can  be  ascribed  to  this  liquid,  ought  to  wear  away,  or  at 
least  to  smooth  and  polish  the  rocks  which  they  liace  tims  cob- 
linued  to  strike  since  the  creation  of  our  existing:  continents;  bat 
«o  far  are  they  from  renewing  their  snrface,  that  they  cover  them 
with  a  brown- col 0)1  red  Tamiah  of  a  peculiar  nature. — Broffntarl. 
Eau.  DicticmnaiTt  dea  Sciences  Naiwelles. 

It  appears  then  perfectly  ascertained  that  water 
ahm  cannot  h(^low  out  rocks  whose  a^re- 
gatioD  is  entire,  and  that  it  can  wear  them  in 
no  degree,  whatever  htf  the  velocity  of  its  move- 
ment 

We  say  iBater  alone,  and  we  must  insist  on  this 
distinction,  to  make  the  preceding  facts  accord  with 
other  facts  which  would  otherwise  appear  contra- 
dictory. 

We  frequently  observe  furrows  scooped  in  the 
solid  walls,  in  which  the  streams  under  discussion 
are  incased ;  we  obser\'e  also  rocks  rounded,  and 
entirely  free  from  moss.  But  on  examining  the  iaxAs 
with  attention,  we  shall  remark  that  this  erosion 
always  occurs  in  the  parts  of  the  stream,  where 
from  the  nature  of  the  surrounding  soil,  the  tor- 
rents carry  along  with  them  in  their  Aoods,  frag- 
ments of  atones  separated  from  the  banks.  Now, 
t  is  by  the  actioH  of  these  atonsA  VXvaV  tJcie  text's  \r 
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the  bed  of  the  river  are  worn.  It  is  easy  to  appre- 
ciate these  circumstances.  We  shall  perceive  that 
this  erosion  never  takes  place  at  the  mouths  of  the 
most  copious  springs,  such  are  those  of  the  Orbe,  of 
the  Sorgue  at  Vauciuse,  &c.  All  the  pebbles  which 
could  be  carried  off,  have  been  removed  long  ago, 
and  the  mosses  which  grow  abundantly  on  the  rocks 
at  the  water  level,  as  well  as  in  the  very  bed  of  these 
torrents,  are  in  no  further  danger  of  being  destroy, 
ed  by  rolling  stones.  The  same  thing  is  observed 
in  the  succeeding  portions  of  the  stream,  wherever 
a  lake  or  excavation  occurs  capable  of  stopping  all 
the  hard  bodies  dragged  forwards  by  the  waters. 
Here,  also  the  mosses  grow  luxuriantly,  because 
they  experience  no  other  action  than  that  of  the 
water. 

The  actual  streams,  therefore,  which  bear  the 
name  of  brooks  and  rivers,  do  not,  when  acting 
alone,  appear  to  have  any  erosive  power  on  uni- 
formly  aggregated  rocks ;  unless  some  foreign  cause 
such  as  ice  or  decomposition  should  break  the  rock 
into  fragments.  The  absence  of  these  extraneous 
circumstances  is  proved  by  the  vegetation,  or  the 
varnish,  wliich  there  covers  the  rocks  exposed  to  the 
action  of  running  waters. 

As  these  streams  recede  from  the  grounds  adjoin- 
ing the  high  mountains  where  they  took  their  rise, 
they  gain  often  in  volume  what  they  lose  in  impetu- 
osity ;  but  this  increase  rarely  compensates  for  their 
loss  of  speed  ;  and  although  these  great  currents 
still  retain  a  pretty  considerable  power  of  trans-, 
mission  in  pushing  onwards  the  new  obstacles  which 
oppose  their  progress,  they  are  fei  ftonv  Yt^s«ci&ft% 
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such  striking  results  as  torrents  do.  They  stir  up 
in  their  floods  or  changes  of  place,  the  loose  earth 
and  sands  at  their  bottom,  especially  towards  their 
banks,  and  transport  them  to  some  distance  ;  but 
hardly  can  they  move  pebbles  of  the  size  even  of  an 
egg,  lying  in  their  channel  and  brought  thither  at 
other  times  and  in  other  circumstances.  After 
transporting  the  fine  and  loose  mineral  matters,  tliey 
deposit  them  in  places  where  tlieir  course  is  slack- 
ened by  any  cause,  and  thus  raise  up  the  bottom 
of  the  bed  in  these  places  ;  and  they  seek  for  a  new 
passage  in  the  middle  of  the  dikes,  which  they  have 
constructed  themselves.  The  principal  current  Is 
then  directed  sometimes  to  the  one  bank,  sometimes 
to  the  other,  and  should  it  beat  against  the  foot  of  a 
precipitous  hill,  composed  of  loose  soil,  it  really 
wears  it  down,  and  makes  it  fall  into  the  river. 
This  now  forced  to  abandon  in  whole  or  in  part  its 
former  channel,  transports  into  another  part  of  its 
course,  the  earth  resulting  from  the  destruction  of 
the  hill,  and  thus  creates  new  obstacles.  Hence 
proceed  the  recent  alluvial  deposits  which  flank  the 
streams  wherever  their  course  is  slackened,  and 
chiefly  towards  their  embouchures. 

We,  see,  therefore,  that  even  though  the  lands 
adjoining  the  valleys  or  gorges,  were  'composed  of 
loose  matters,  the  waters  now  running  along  the 
bottom,  could  not  have  scooped  out  the  valley,  sup- 
posing them  to  have  a  twofold  or  even  a  tenfold 
force,  above  what  they  actually  possess ;  the  slope 
of  the  existing  surface  xiot  bein^  sufficiently  great 
to  give  these  masses  of  watet  \)ae  Tia.'^\&v\:^  \feQ^\s^& 
produce  that  effect,  and  to  carcj  o^-Oft^Xw^^^ 
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which  filled  either  the  valley  or  the  gorge.  Finally 
the  actual  waters,  so  far  from  having  contributed 
to  form  the  long  and  numerous  depressions  which 
furrow  the  surface  of  the  earth,  under  the  names 
of  valleys,  vales,  gorges,  or  clefts,  continually  tend 
to  fill  up  these  hollows,  and  rather  to  level  the  sur- 
face of  the  globe,  than  to  plough  it  more  pro- 
foundly. 

Knowing  the  limited  range  of  alluvial  pheno- 
mena, we  are  now  prepared  to  appreciate  the  nature 
and  extent  of  the  diluvial.  We  have,  in  our  second 
part,  considered  the  rocks  replete  with  marine 
remains.  These  are  spread  over  two-thirds  of  the 
surface  of  every  part  of  our  continents  which  have 
been  explored.  They  abound  at  great  elevations, 
rising  to  the  loftiest  summits  of  the  Pyrenees, 
nearly  11,000  feet  above  the  level  of  our  present 
ocean,  and  to  still  loftier  points  in  the  Andes.  It 
is  remarkable  that  the  true  geographical  summits 
of  the  P3rrenee  ridge  are  composed  of  secondary 
shell-limestones,  which  surpass  the  granite,  gneiss, 
and  mica-slates,  an  elevation,  and  may  have  been 
deposited  over  the  primitive  rocks  while  they  stood 
under  the  primeval  ocean.  In  fact,  the  secondary 
rocks,  red  sandstone,  alpine  limestone,  limestone  of 
the  Jura  order,  and  trap,  cover  the  primitive  and 
transition  rocks  of  the  Pyrenees. 

The  great  boulder  stones  fall  under  diluvial 
debiis.  On  the  secondary  mountains  of  the  Jura, 
particularly  the  slopes  facing  the  Alps,  a  great 
many  loose  fragments  of  primitive  rocks,  some  con- 
taining a  thousand  cubic  yards,  occur^  strewed  ovex 
the  surface,  at  heights  of  4,500  feeit  «JaoN^  VJaaX^^ 
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of  Geneva,  Tliey  nowhere  stand  higher,  or  are 
more  numerous  tlmn  opposite  to  the  largest  and 
deepest  valleys  of  the  Alps.  They  have  undoubt^ 
edly  travelled  across  the  line  oi'  these  valleys,  their 
composition  proving  clearly  the  mountain  ridges 
from  wiiich  they  came.  We  may  hence  infer,  that 
at  the  period  of  their  transfer  from  tlie  Savoy  Alps, 
the  lake  of  Geneva  tUd  not  exist,  otherwise  they 
must  have  remained  at  its  bottom,  instead  of  being 
found  on  its  opposite  bounding  mountain  at  a 
great  elevation.  The  slope  from  tlie  Mont  Blanc 
ridge,  was  then  a  continuous  plane  to  the  Jura. 
This,  and  similar  facts,  indicate  the  scooping  out  of 
valleys  between  the  mountains,  by  the  pressure  of 
tlie  diluvial  deflux.  All  the  plains  in  the  north  of 
Europe  exhibit  on  their  surface,  similar  rolled  boul- 
der stones,  fragments  of  primitive  rocks,  strewed 
over  the  tertiary  strata.  MM.  Von  Buch  and 
Haussman  have  proved  that  these  scattered  blocks 
on  the  soil  of  Lower  Germany,  are  identical  in  com- 
position and  nature  with  the  mountain  structure  of 
Scandinavia,  on  tlie  northern  side  of  the  Baltic 
sea.  This  ocean  channel  lias  also  been  hollowed 
out  by  the  same  deflux,  carrying  away  the  sloping 
plain  which  joined  the  two  countries. 

Analogous  phenomena  abound  in  England.  The 
downs  surrounding  Bath  are  abruptly  scarped,  and 
are  surrounded  by  valleys  more  than  600  feet  deep. 
Yet  on  their  very  summits,  flints  are  found  which 
must  liave  been  transported  thither  from  the  distant 
hills.  These  fragments  must,  like  the  above 
have  been  carried  along  by  the  first 
lurrents,  befoie  \!t\e  ^'nj  oS  Vtve.  ^Wt 
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bad  excavated  the  valleys,  and  thereby  intercepted 
all  further  communication  with  the  locality  of  the 
flints. 

Along  the  plains,  at  the  foot  of  the  extensive 
clifis  of  the  inferior  oolite  formation,  on  the  borders 
of  Gloucestershire,  Northamptonshire,  and  War- 
wickshire, the  accumulations  of  the  diluvial  gravel 
^e  of  surprising  magnitude.  The  materials  thus 
assembled  come  from  so  many  quarters,  that  it 
would  not  be  difficult  to  form  a  nearly  complete 
series  of  the  geological  formations  of  England,  from 
the  fragments  found  in  these  plains.  Their  distribu- 
tion may  serve  in  many  cases  to  indicate  the  direc- 
tion of  the  diluvial  torrents.  When  rounded  pebbles, 
mineralogically  the  same  with  rocks  existing  in 
sitUj  only  in  mountains  to  the  north-west,  are  found 
scattered  over  the  plains  of  the  midland  counties 
of  England,  it  is  obvious  that  they  must  have  been 
drifted  south-east  by  the  waters.  To  trace  these 
travelled  fragments,  to  their  native  beds,  often  many 
hundred  miles  distant,  affords  an  interesting  search 
to  the  geologist ;  which  mineralogical  description 
can  now  render  successful.  It  seems  tobe  established 
that  the  deflux  of  the  subsiding  waters  of  the 
deluge,  was  in  general  determined  jfrowi  the  moun- 
tain ridges  down  towards  the  plains.  In  Great 
Britain  this  would  occasion  a  motion  from  the 
north-west  towards  the  souUi-east,  a  direction 
proved  by  innumerable  vestiges.  The  same  forces 
that  afterwards  hollowed  out  the  valleys,  heaved  up 
the  diluvial  gravel  into  hills  of  various  size. 

Besides  the  detritus  of  British  roeks,  thfti^  ^\^ 
found  among  the  diluvial  straU  o?  ^xi^wA  ^sa^ 
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Mocks  and  pebbles,  the  fragoaents  of  various  primi- 
tive and  transition  rocks,  which  Doctor  Buckland 
supposes  to  have  been  drifted  from  the  nearest 
continental  strata  of  Norway. 

It  is  only  to  such  a  native  soarce,  that  the  pebbles  of  iridescent 
felspar,  rcsemblino;  Labradorc  which  are  founJ  on  the  coast  Dear 
Bnillington,  can  be  referred.  Many  of  ilie  other  pebbles  of  tlio 
English  shores,  may  be  identified  with  well-known  mountain  Riaaaes 
in  Nonvay,  and  mast  have  been  drifind  hither  along  witli  the 
dilDvial  <letritu8  of  clay  and  gravel  through  which  they  are  disse- 
minated. In  the  eomily  of  Durham,  Doctor  Buckland  collected 
within  a  few  miles'  space  on  tlie  north  of  Darliu^n,  pebbles  of 
more  than  20  rarit-'ties  of  slate  and  greenstone  rocks,  tliat  occur 
nowhere  ne-arer  tlian  the  lake  district  of  Cumberland.  In  the  'slreet 
at  Darlington,  at  the  north  end  of  the  tovn,  is  a  large  block  of 
granite,  of  the  same  variety  with  those  at  Shap,  near  Penrith.  Si- 
milar blocks  are  fonnd  on  the  elerated  plain  of  Sedgefield,  OD  tbe 
aonth-esst  of  Dnifiain. 

To  these  diluvial  evidences,  Sir  James  Hall  has 
made  some  important  additions,  by  the  discovery  of 
traces  of  the  action  of  a  mighty  current  on  the  sur- 
face of  the  hills  and  valleys  near  the  city  of  Edin- 
burgh. These  districts  are  not  only  strewed  over 
with  the  gravelly  wreck  of  rocks  that  have 
been  drifted  to  a  great  distance  from  their  native 
bed  by  the  force  of  violent  waters ;  but  channels 
and  furrows  may  be  observed  on  the  surfaces  of  the 
hard  rocks  over  which  these  waters  not  only  drove 
the  blocks  and  fragments  of  eveiy  substance  that 
lay  in  the  line  of  their  course,  but  excavated  deep 
valleys.  When  the  covering  of  clay,  protecting  a 
mass  of  rock,  is  removed,  its  surface  is  found  to  re- 
^hemble  .a  wet  road  along  which  a  number  of  heavy 
■  bodies  have  been  recently  dragged  ; 
aent  had  made  a  sciaXcXv  ?&  \\.  "^^-s^^. 
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The  scratches  are  generally  parallel  to  the  general 
direction  in  which  the  diluvium  has  moved. 

Similar  appearances  have  been  lately  described 
by  Mr.  Murchison,  Sec.  Geol.  Society,  as  occurring 
on  the  Braambury  and  Hare  hills,  the  highest  in 
geological  position  of  the  interesting  Brora  district 
in  Sutherlandshire.  These  are  celebrated  for  their 
quarries  of  siliceous  white  sandstone,  abounding  in 
fossils,  and  exhibit  upon  their  sides  and  summits, 
distinct  traces  of  a  strong  diluvial  current,  which 
has  swept  away  their  covering  matter,  and  deposited 
in  the  plain  of  Clyne  Milltown,  a  mass  composed  of 
the  debris  of  the  denuded  hills,  mixed  with  boulders 
of  the  coarse  red  conglomerate.  A  large  portion . 
of  the  turf  having  been  recently  removed,  the  sur- 
face of  the  rock  is  now  seen  to  be  scored  with  pa- 
rallel, lines,  precisely  similar  to  those  observed  in 
other  places.  And  in  this  case,  although  the  sur- 
face of  the  ground  is  very  unequal,  and  the  dip  and 
bearings  of  the  denuded  strata  vary  considerably, 
the  direction  of  the  markings  is  uniformly  from 
N.N.W.  to  E.S.E. 

That  these  diluvial  actions  reached  the  summits 
of  the  loAy  mountains,  is  evident  from  the  boulder 
blocks  of  Mont  Blanc  thrown  over  on  the  high 
acclivities  of  the  Jura  chain.  <^  The  Alps  and 
Carpathians,  and  all  the  other  mountain  regions  I 
ever  visited  in  Europe,"  says  professor  Buckland, 
"  bear  in  the  form  of  their  component  hills  the 
same  evidence  of  having  been  modified  by  the  force 
of  water,  as  do  the  hills  of  the  lower  regions  of  the 
earth ;  and  in  their  valleys  also  where  there  v(«& 
space  to  afford  it  a  lodgment,  \  Yvave  ^"9) v]%  ^o\s9ci9 
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diluviai  gravel  of  tlie  same  nature  and  origin 
Uiat  of  the  plains  below,  and  which  can  be  clearly 
distinguished  from  the  postdiluvian  detritus  of 
mountain  torrents  or  rivers.  Tli«  bones  of  the 
mastodon  are  found  in  diluvial  gravel,  in  the  Camp 
de  Geana,  near  .Santa  Fe  deBagota  in  South  America, 
7800  feet  above  the  level  of  the  sea  ;  and  in  the 
Cordilleras  at  an  elevation  of  J^iOO  feet,  near  the 
volcano  of  Inibaburra,  in  the  kingdom  of  Quito. 
M.  Humboldt  found  a  tooth  of  an  extinct  species 
of  fossil  elephant  at  Hue-huetoca  on  the  plain  of 
Mexico.  Our  high  mountains  in  Europe  are  so 
peaked  that  animal  remains  though  drified  round 
their  summits,  could  hardly  be  expected  to  lie  upon 
them,  but  would  be  washed  down  their  steep  slopes. 

In  central  Asia,  bones  of  horses  and  deer  which 
were  found  at  a  height  of  1 6,000  feet  above  the 
sea,  in  the  Himmala  mountains,  are  now  deposited 
at  the  Royal  Collegeof  Sur^ons  in  London.  They 
were  got  by  the  Chinese  Tartars  of  Duba,  in  the 
north  face  of  the  snowy  ridge  of  Kylas  in  lat.  Si" 
N.,  out  of  the  masses  of  ice  that  fall  with  the  ava. 
lahches,  from  the  regions  of  perpetual  snow.  The 
preceding  &cts  attest,  that  "  all  the  high  hills  that 
were  under  the  whole  heavens  were  covered," 
by  the  waters  of  the  deluge. 

There  is  a  class  of  phenomena,  clearly  indicative 
of  diluvial  action,  usually  called  valleys  of  denu- 
dation, to  which  we  have  already  briefly  adverted. 
Two  excellent  memoirs  have  been  written  upon 
by  Professor  Buckland,  in  the  Geological 
iOns,  vol.  V.  and  Second  Series,  vol.  I. 
<a  and  Catcott  a\io''He4  ^o^^  a?,o,  vVat 
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the  surface  of  the  earth  m  many  places,  where  it  is 
at  present  furrowed  by  valleys,  must  have  been 
formerly  continuous:  and  this  in  innumerable 
instances  where  streams  do  not  exist  at  all;  in  niany 
chalk  downs  for  example,  or  where  the  existing 
streams,  as  has  been  demonstrated  already,  are 
quite  inadequate  to  the  effect  Thus  in  a  system 
of  superposition  such  as  is  here  represented,  the 


portions  of  the  beds,  a,  J,  and  c,  at  present  detached 
from  each  other,  must  once  have  been  continuous : 
d  has  also  been  partially  cut  through,  and  e  has 
'been  left  untouched,  merely  because  the  excava- 
tion did  not  cut  deep  enough.  The  coasts  of 
Dorset  and  Devon  exhibit  beautiful  illustrations  of 
this  kind ;  the  beds  which  are  there  intersected  by 
valleys,  nearly  at  right  angles  to  the  coast,  being 
so  different  from  each  other,  and  so  unlike  in  ex- 
temal  aspect  (chalk,  green  sand,  oolite,  lias,  and 
red  marl,)  that  there  is  no  difficulty  in  tracing  the 
continuation  of  the  series  on  the  opposite  sides  of 
the  valleys,  and  no  doubt  of  their  former  connex- 
ion. On  passing  along  the  coast  to  the  east  of 
L3niie  and  Sidmouth  we  cross  nearly  at  right  angles 
a  continual  succession  of  hills  and  valleys,  the 
southern  extremities  of  which  are  abruptly  tenni- 
nated  by  the  sea;  the  valleys  graOiu^^  ^o^vcw^ 
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into  it>  and  the  hills  being  afanqrtly  tnmcatedL  nd 
often  overiumging  the  beadi  w  under  difl^  with  a 
perpendicuhur  preci]Hce.  The  streams  and  riven 
that  run  through  them  are  short  andinoonsiderahle^ 
and  incompetent  even  when  flooded  to  move  way 
thing  more  wdghty  than  mud  and  sand.  There  is 
usuaUy  an  exact  correspondence  in  the  structure  of 
the  hiUs  which  enclose  each  valley ;  so  that  wfaafct 
ever  stratum  is  found  on  ime  side,  recurs  on  the 
other  side  in  the  prolongation  of  its  plane.  When- 
ever  there  is  a  want  of  correspondence  in  the  strata 
on  the  opposite  sides  of  a  valley,  it  may  be  referred 
to  a  change  in  the  substrata  upon  which  the  exca- 
vating deluge  had  to  exert  its  force. 

If  we  examine  the  >'alleys  that  fall  into  the  bay 
of  Charmouth,  from  Burton  on  the  east  to  Exmouth 
on  the  west,  viz.  that  of  the  Bredy,  the  Brit,  the 
Char,  the  Axe,  the  Sid,  and  the  Otter,  we  shall 
find  them  all  to  be  valleys  of  dilu>ian  exca>'ation ; 
their  flanks  being  similarly  constructed  of  parallel 
and  respectively  identical  beds;  and  the  com- 
mencement of  them  all  originating  within  the  area, 
and  on  the  south  side  of  the  escarpment  of  the 
green  sand.  The  fact  of  excavation  is  evident 
from  simple  inspection  of  the  manner  in  which 
the  vaUeys  intersect  the  coast,  on  the  east  of  Sid- 
mouth  and  the  east  of  Lyme ;  and  it  requires  but 
little  effort,  either  of  the  eye  or  the  imagination, 
to  restore  and  fill  up  the  lost  portions  of  the  strata 
form  the  flanks  of  the  valleys  of  Salcomb, 
lb,  and  Branscomb;  or  of  Channouth, 
and  Bridport 
Q  the  oorrespondetice'  i^TWed  ow\.>sn,^V\. 
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William  Phillips,  between  the  >rrata  ol'  Dover  and 
the  hills  west  of  Calais  ;  and  by  Mr.  de  la  Beche, 
between  the  strata  of  the  coast  of  Dorset  and  Devon, 
and  those  of  Normandy,  it  may  be  inferred  that  the 
English  Channel  is  a  submarine  valley,  which  owes 
its  origin  in  a  great  measure  to  diluvial  excavation, 
the  opposite  sides  having  as  much  correspoqdence  as 
those  of  ordinary  valleys  on  the  land.  Its  depth  is 
less,  indeed,  than  that  of  the  majority  of  the  inland 
valleys  which  terminate  in  the  bay  of  Charmouth. 

In  conclusion,  Professor  Buckland  justly  observes, 
that  '^  though  traces  of  diluvian  action  are  most 
unequivocally  visible  over  the  surface  of  the  whole 
earth,  we  must  not  attribute  the  origin  of  all  valleys 
exclusively  to  that  action.  In  such  cases  as  we  have 
been  describing,  the  simple  force  of  water,  acting  in 
mass  on  the  surface  of  gently  inclined  and  regular 
strata  of  chalk  and  oolite,  is  sufficient  for  the  effects 
produced;  but  in  other  cases,  more  especially  in 
.mountain  districts  (where  the  greatest  disturbances 
appear  generally  to  have  taken  place),  the  original 
form  in  which  the  strata  were  deposited,  the  subse- 
quent convulsions  to  which  they  have  been  exposed, 
and  the  fractures,  elevations,  and  subsidences  which 
have  afiected  them,  have  contributed  to  produce 
valleys  of  various  kinds  on  the  surface  of  the  earth, 
before  it  was  submitted  to  that  last  catastrophe  of 
an  universal  deluge  which  has  finally  modified  them 
all.*     See  Valleys  ofElevatiotij  p.  343. 

To  the  preceding  geological  proofs  of  the  uni- 
versal  deluge,  we  must  add  our  zoological  witnesses, 

*  ReUquisc  Diluvians,  2d  Bdidon^  \v.  5t5%» 
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*^the  numerous  remains  of  extinct  species  of  land 
animals,  dispersed  through  the  superficial  gravel  all 
over  the  earth ;  phenomena  to  be  examined  in  a 
subsequent  chapter. 

Other  appearances  in  the  strata  have  been  re- 
ferred to  the  denudating  force  of  a  mighty  deluge. 
In  the  granites  of  the  upper  Vivarais  we  behold 
mountains  seemingly  torn  asunder,  immense  mural 
precipices,  terminated  by  acute  angles,  and  enclosing 
between  them  the  most  frightful  chasms.  Mount  Cer- 
vin  an  insulated  pyramid  more  than  3000  feet  high, 
placed  on  the  loftiest  ridge  of  the  Alpine  chain,  is 
an  eloquent  witness  of  the  greataqueous  catastrophe. 
"  However  keen  a  partisan  I  am  of  crystallization,'* 
says  Saussure,  "  it  is  impossible  for  me  to  believe 
that  such  an  obelisk,  issued  directly  from  the  hands 
of  nature,  in  this  form.  The  surrounding  matter 
has  been  broken  off  and  swept  away ;  for  nothing 
is  to  be  seen  around  it,  but  other  summits,  springing 
like  it,  abruptly  out  of  the  ground,  with  their  flanks 
in  like  manner,  abraded  by  violence.'* 

At  Greiffenstein  in  Saxony  in  a  gneiss  district, 
separate  columns,  or  rather  thin  granitic  prisms  are 
seen  rising  from  the  plain,  more  than  a  hundred  feet 
high.  These  are  divided  by  horizontal  fissures  or 
joints  into  successive  courses,  or  we  might  say  tables, 
so  that  each  column  seems  built  of  great  slabs  of 
granite  regularly  piled  over  each  other.  Certainly 
no  person,  on  viewing  these  pillars  and  the  subjacent 
level  ground,  will  believe  that  they  were  formed  as 

ey  stand,  either  by  crystallization  in  a  menstruum, 

diot  up  by  igneous  erupUow,  oy  left  alone  after 
ience  of  the  plaiu.    T\\e^  ^^  w\OT^i^'s.\\>3  \Jv\^ 


remains  of  a  great  field  of  granite  which  once 
covered  the  whole  space,  like  many  other  districts 
in  the  neighbourhood,  but  which  was  dislocated, 
ploughed  up,  and  excavated  at  the  universal  deluge. 

The  mountains  called  moleSf  which  rise  insulated 
from  the  centre  of  extensive  plains,  seem  also  to  be 
the  diluvial  debris  of  some  great  mineral  districts  of 
which  they  formed  portions.  The  Landscrone  may 
be  adduced  as  a  good  example.  It  is  a  mountain 
placed  in  the  middle  of  the  plains  of  Lusace,  about 
S  leagues  from  the  foot  of  the  chain  which  bounds 
this  country  to  the  south,  and  presents  the  figure 
of  a  sugar  loaf,  nearly  a  thousand  feet  high,  with 
the  summit  cut  off.  Like  the  territory,  and  the 
mountain  chain  in  the  neighbourhood,  it  consists  of 
granite,  capped  over  its  whole  top,  with  a  platform 
of  basalt,  from  220  to  250  feet  thick.  This  basalt 
is  merely  an  insulated  portion  of  the  general  coulee^ 
that  covers  the  granite  district,  about  2  leagues 
from  it.  It  is  hence  obvious  that  the  intermediate 
table  land  must  have  been  swept  away  ;  for  no  one 
can  possibly  conceive  of  a  basaltic  lava  effused  on 
the  top  of  an  insulated  cone  of  such  elevation. 

Mount  Meissner  in  Hesse,  six  leagues  south-east 
of  Cassel,  also  deserves  to  be  noticed  here.  It 
rises,  colossus-like  above  the  surrounding  moun^ 
tains,  from  which,  however,  it  is  completely  insu- 
lated. Its  summit  forms  a  plain,  2  leagues  long, 
and  1  league  broad,  at  a  height  of  more  than  1900 
feet  above  the  river  which  flows  at  its  base,  and 
about  22U0  feet  above  the  level  of  the  sea.  The 
body  of  the  mountain,  in  common  with  the  eoww^ 
j^J around,  consists  of  shell-Umestone  atvvi  ^aTvi\%\»\\^ 
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^m     Above  these,  on  a  stratum  of  sand,  a  bed  of  fossil 
^m     wood  reposes,  one  hundred  feet  thick  in  several 
^M     places.     This  wooden  floor  is  covered   by  a  vast 
^1     pavement  or  coulee  of  basalt,  from  300  to  500  feet 
^P     tliick,  which  composes  the    upper  platform.     An 
observer  who  studies  the  composition  of  tliis  inter- 
esting mountain  and  of  the  neighbouring  districts, 
cannot  help  concluding  that  the  enormous  pile  of 
wood,  imbedded  at  such  a  height  above  the  existing 
country,  must  have  been  drifted  thither  (for  such  a 
mass  of  trees  could  never  have  grown  in  one  place), 
while  the  surface  was  yet  continuous  and  depressed. 
The  basalt  must  have  been  thereafter  effused  over 
them,  obviously  in  a  lava  state.      The  explosive 
forces  under  the  ocean  bed  which  caused  the  deluge, 
first  upheaved  the  general  mountain  masses,  and 
the  retiring  deflux  excavated  the  strata  round  Mount 
Meissner,  leaving  it  an  insulated  mole,  towering 
boldly  above  all  the  country,  through  an  area  of 
nearly  40  miles. 

The  geognostic  student  sees  in  the  organic 
remains  of  the  secondary  formations,  described  in 
Book  Second,  irresistible  proofs  that  many  strata 
of  our  present  dry  land,  were  deposited  under  the 
ocean.  I  conceive,  moreover,  that  good  evidence 
of  the  former  submarine  position  of  a  large  portion 
of  the  earth,  is  afforded  by  the  saline  impregnation 
of  many  of  its  extensive  plains.  Every  traveller 
through  the  deserts  of  Africa  and  Arabia,  describes  . 
the  soil  to  be  salt,  and  the  water  to  be  brackish,  in 
almost  every  district.  The  subsoil  is  generally 
clay,  which  prevents  the  saiiwe  matVcT  ttom  being 
vashed  deep  into  the  gtouTvA  \i7  V^e  \,to\iwiia!i  tivas,. 
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In  the  sands  bordering  on  Egypt,  the  sidt  occurs 
often  in  balls  and  irregular  lumps ;  and  the  great 
desert  of  Barbary  is  in  some  places  covered  with  a 
saline  crust,  of  such  whiteness  as  to  resemble  statu- 
ary marble,  and  of  such  thickness  as  to  be  quarried 
iDto  square  blocks,  for  building  houses.  It  is 
applied  to  the  same  purpose  at  Onnutz  in  Persia. 
Olivier  states  in  his  Persian  Travels,  that  the  great 
plains,  or  deserts  of  that  country  consist  of  an  argil- 
laceous soil  impregnated  with  salt.  "This  sub- 
stance,"  says  he,  "  is  so  abundant  in  that  country, 
that  being  washed  down  by  the  rains,  saline  pools 
ve  formed  in  winter  over  the  low  grounds,  almost 
^ery  lake  is  more  or  less  brackish."  The  great 
plains  or  steppes  of  Siberia  are  formed  of  clay,  and 
present  analogous  phenomena,  especially  north- 
ward of  the  Caspian  Sea,  where  amultitude  of  lakes 
occur,  some  fresh,  others  rendered  saline  by  the 
'  muriate  or  sulphate  of  soda.  The  Jake  of  Indersk 
90  leagues  in  circumference,  has  its  bottom  covered 
with  a  crust  of  salt,  like  a  cake  of  ice,  more  than  six 
inches  thick,  hard  as  stone,  and  perfectly  white. 
The  argillaceous  soil  of  the  great  table  land  ol 
Mexico  was  found  by  Humboldt  to  be  .quite  impreg- 
nated with  salt.  The  lake  of  Penon  Blanco,  that 
dries  up  every  summer,  forms  the  great  mine  of  salt 
6jt  Mexico ;  from  which  more  than  15,000  tons 
are  annually  carried  away. 

CHAP.  II^CAlTSES  OF  GEOLOGICAL  CATASTROPHE. 

In  the  Newtonian  Philosophy^  no  other  caxiaes  ot 
nutural  events  can  be  admitted  than-wVva.VaitVMWi'ft- 
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to  be  really  operative,  and  adequate  to  account  for 
the  phenomena.  This  inductive  law  prohibits  tiic 
employment  of  hypothetical  assumptions,  whose 
existence  we  cannot  prove,  such  as  the  attraction 
of  a  comet  in  deranging  the  axis  of  the  earth,  or 
delnging  it,  by  biting  the  waters  from  their  ocean 
bed.  Nor  will  modern  discovery  suffer  the  theo- 
rist to  summon  from  the  bowels  of  tlie  earth  an 
ideal  abyss  to  serve  liis  puri)ose3  j  far  less  allow  him 
to  get  rid  of  a  meteoric  deluge  imported  by  an 
aqueous  coma  for  the  occasion.  Thus  wisely  circum- 
scribed, but  by  no  means  fettered,  we  shall  have 
no  difficulty  in  finding  actual  and  potential  forces, 
capable  of  explaining  the  principal  ai)pearances, 
incident  to  the  great  diluvial  catastrophe,  and  its 
precursor  inundations.  Eruptive  powers  similar  to 
those  which  raised  the  primordial  land,  acting  under 
the  bottom  of  the  primeval  ocean,  rolled  its  waters 
over  the  ancient  continents,  many  of  which  were 
broken  down  and  sunk  in  the  sea,  whilst  new  terri- 
tories were  upheaved  and  laid  bare.  We  shall 
endeavour  to  establish  these  propositions  by  an 
extensive  induction  of  well  established  facts,  illus- 
trative of  volcanic  agency,  and  basaltic  eruption. 

5  r.  VOLCANIC  ACTION. 

This  power,  though  sufficiently  terrific  in  many 
of  its  recorded  forms,  has  now  a  very  limited  range 
in  comparison  with  its  ancient  extent,  even  in  post- 
diluvian periods.  Thus  the  extinct  volcanoes  of  the 
Rhine,  Hungary,  Auvevgne,  and  Italy,  indicate  a 
far  greater  magnitude  o?  e-ni^tw^  'mt,  -Cs^mv  -otl-^ 
described  in  history.    T^xo^e nj\vvcV  mc  -ftw*  srko. 
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issuing  from  conical  chimnieSy  are  merely  liie 
expiring  fumes  of  those  furnaces,  that  have  once 
desolated  whole  regions  of  the  earth.  Of  this  fact, 
we  have  convincing  evidence  in  France,  which  has 
never  been  visited  by  volcanic  fire,  within  the 
memory  of  man ;  yet  there  is  no  country  where 
volcanic  products  exist  in  greater  variety,  in  closer 
affinity  with  one  another,  or  in  more  interesting 
forms,  than  in  tlie  heart  of  that  kingdom.  Travel- 
ling in  that  territory  from  the  north,  the  first  vol- 
canic lavas  occur  in  Auvergne,  to  the  west  of  Cler- 
mont, on  the  granite  table-land  bounded  by  the 
rivers  Allier  and  Sionle,  Extinct  volcanoes,  to 
the  number  of  100  appear  in  an  immense  range 
of  insulated  conical  hUls  about  7OO  feet  in  height, 
formed  of  masses  of  solid  lava,  and  spongy  scoriae. 
Their  tops  are  hollowed  out  in  the  crater  foftn, 
the  edges  of  the  cup  being  in  many  cases  entire 
and  well  defined.  The  streams  of  lava  are  blistery 
on  the  surface,  and  bristling  with  scoriform  asperi- 
ties, which  rise  sometimes  three  feet  high.  The 
deeper  we  penetrate  into  the  mass,  it  becomes  less 
cellular  and  more  compact,  exactly  as  in  modem 
lava  streams ;  yet  the  basis  occasionally  differs  in  no 
respect  from  that  of  the  finer  basaltic  prisms,  includ- 
ing like  it,  grains  or  crystals  of  augite,  olivine,  and 
felspar.  The  lavas  have  sometimes  spread  widely 
over  the  plains,  and  at  others  flowed  into  narrow 
valleys,  following  their  windings  through  a  distance 
of  9  or  10  miles.  In  their  progress,  they  have 
obviously  taken  the  lowest  track,  bending  over  or 
gliding  about,  the  rising  grounds  which  obstructed 
their  advance,  and  like  every  stxeaov  oiXi^v^xxNa^j- 
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ter,  have  observed  strictly  tlie  laws  of  hydrostatics, 
The  natural  history  of  these  lavas  is  therefore  com- 
plete, and  needs  no  aid  of  fancy  to  identify  their  vol- 
canic source  ;  for  we  perceive  the  focus  that  poured 
them  out,  the  path  they  percurred,  the  obstacles 
they  shunned,  and  the  strata  which  they  over- 
whelmed and  still  cover. 

In  the  same  district,  there  also  occur  genuine 
basalts,  or  submarine  lavas  of  more  ancient  date, 
being  anterior  to  the  excavation  of  the  valleys,  while 
the  lava  streams  are  evidently  posterior  to  this 
event.  The  basalts  appear  under  tlie  form  of  hori- 
zontal cou£;ef,  or  sheets,  covehngportions  of  elevated 
land  since  upheaved,  or  constituting  the  caps  of 
mountain  chains  and  insulated  peaks.  These  are 
shreds  of  antediluvian  and  diluvian  lavas.  . 
'  In  Velay  and  Vivarais  volcanic  lav-  forms  agreat 
portion  of  the  surface  of  the  groimd,  exhibiting  is 
certain  spots,  interesting  phenomena.  Near  Mont> 
pesat,  Thueys,  and  Jaujac,  small  extinct  volcanic 
hills  are  still  to  be  observed  ;  and  a  stream  of  lava 
may  be  traced  from  the  foot  of  each,  running  down 
the  valleys.  The  shape  of  these  currents  is  perfectly 
defined.  Their  bottom  reposes  on  a  stratum  of  pebbly 
gravel,  and  is  altogether  scoriform ;  while  higher 
up  the  lava  is  split  into  most  regular  prisms,  as 
sonorous  as  metallic  iron,  and  in  beautiful  colon- 
nades. The  basis  of  the  lava  is  black  coloured  and. 
compact,  containing  grains  of  olivine  and  augite. 
It  has  flowed  evidently  after  the  excavation  of  th& 
valleys.  Similar  appearances  pervade  the  south  of 
France  down  to  the  Mediterranean  shores.  Near 
Agde,   the  extinct  volcauo  o5  *&!,  \a\i^  («,t\««,» 
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tomposed  of  cellular  lavas ;  which  have  been 
employed  in  the  hydraulic  architecture  of  the  canal 
of  Languedoc. 

The  volcanic  remains  of  central  France  have  been 
recently  illustrated  by  two  ingenious  practical  geo- 
logists, Dr.  Daubeny  and  Mr.  Scrope ;  from  the 
latter  of  whom  I  shall  select  a  few  facts,  as  they 
have  been  well  arranged  in  the  Quarterly  Review 
for  October  1827.  The  associated  rocks  of  igneous 
origin  seem  scarcely  in  any  instance  to  have  been 
repeated  in  the  same  spot,  but  to  have  burst  forth 
singly  and  successively  on  different  though  neigh- 
bouring points,  remarkable  for  their  general  distri. 
bution  in  a  line  from  North  to  South  ;  a  direction 
coincident  with  that  of  the  granitic  beds,  from  whose 
interior  they  have  apparently  burst  forth.  To  the 
west  of  the  valley  of  the  Limagne,  immediately 
behind  Clermont,  rises  a  granitic  plateau^  about 
1600  feet  above  the  valley,  and  3000  above  the  sea. 
On  this  rests  a  chain  of  volcanic  hills  about  70  in 
number,  composed  of  steep  truncated  cones,  called 
the  Puys  of  the  Monts  Dome,  which  form  with 
the  ashes  and  scoriae  scattered  around,  an  irregu- 
lar ridge,  from  500  to  1000  feet  high,  and  about  18 
miles  in  length  by  2  in  breadth.  They  consist  of 
loose  scoriae,  blocks  of  lava,  lapillo,  and  puzzolana, 
with  fragments  of  trachyte,*   and  granite.     The 


*  Trachyte  is  a  volcanic  rock,  characterised  by  its  porphyritic  struc- 
ture ;  its  scorified  and  cellular  aspect ;  its  harsh  feel  (whence  its  name 
rough-stone) ;  and  by  the  imbedded  crystals  of  glassy  felspar.  These 
minerals  are  sometimes  impasted  in  a  felspathic  light  coloured  cement. 
It  is  a  rock  entirely  absent  in  the  British  islands ;  but  the  clay  ^r^hyry 
associated  with  red  sandstone  in  the  iBland  o£  Attwi,  ^xv^^i^l  ^l^avcA^ 
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lava-currents,  traceable  to  the  cratera  of  these  cones, 
present  the  image  of  a  black  and  stormy  sea  of  viscid 
matter,  suddenly  congealed  at  the  moment  of  its 
wildest  agitation. 

One  of  the  largest  volcanic  cones  of  the  district, 
the  Petit  Puy  de  Dome,  has  a  very  regular  crater 
-  300  feet  iu  width  and  depth,  elevated  more  than 
four  thousand  feet  above  the  level  of  the  sea.  It 
consists  entirely  of  fragmentary  matter,  basaltic 
scoriae,  sand  and  ashes.  The  Puy  dc  Louchadiere 
is  the  most  striking  of  the  chain.  Completely 
insulated  from  the  others,  it  rises  at  an  angle  of 
SS",  m  a  majestic  cone  to  the  height  of  more  than 
1000  feet  from  the  western  plain,  forming  a  total 
elevation  of  39^6  feet. 

Mont  Dor  is  a  mountainous  tract,  the  higher 
portion  of  which  is  divided  into  seven  or  eight  rocky 
summits,  grouped  together  within  a  circuit  of  about 
a  mile  in  diameter,  the  highest  rising  to  6217  feet 
above  the  level  of  the  sea.  The  whole  of  this  mass 
consists  of  successive  beds  of  volcanic  origin,  and  of 
immense  tliJckness,  which  almost  conceal  the  primi- 
tive soil.  The  currents  of  basalt  have  flowed  on  all 
sides  to  the  distance  of  fifteen,  twenty,  and  in  some 
instances  twenty-five  or  thirty  miles  from  the  central 
heights.  The  plateaux  of  trachyte  on  the  contrary, 
rarely  extend  beyond  a  circle  of  ten  miles  radius ; 
but  what  the  latter  currents  want  in  length,  they 
possess  in  height  and  breadth. 

In  the  ancient  province  of  Velay,  Mr.  Scrope 

Brae  presents  namerfnis  ualogies.  Some  modem  lavas  of  Vesuvhii 
approach  very  nearly  in  compontion  utd  i^i^euvMift  to  trachjte,  and 
the  oldest  rolcanJc  prodacts  on  JE.tiia  *«i4  TMwfflfc  we  ixnn\«w&  lA'*. 
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counted  more  than  a  hundred  and  fifty  cones,  so 
thickly  sown  along  the  axis  of  the  granitic  range, 
thut  separates  the  Loire  and  Allier  from  Palhaguet 
to  Pradelle,  as  generally  to  touch  each  other  by 
their  bases,  and  thus  to  form  an  almost  continuous 
chain. 

Germany,  particularly  on  the  banks  of  the  Rhine, 
in  Hessia,  Saxony  and  Bohemia,  presents  a  great 
many  remains  of  basaltic  lava-streams,  accompanied 
oflen  with  clinkstones,  in  mountain  groups.  Id 
Bome  locaHties,  volcanic  tufas,  with  cellular  and 
acoriform  lavas  occur. 

It  is  hardly  necessary  to  say  that  Sicily  and  Italy 
particularly  in  the  Vicentin,  the  environs  of  Rome, 
and  Naples,  include  extensive  volcanic  formations. 
No  less  than  60  ancient  craters  have  been  specified 
in  a  small  tract  of  Italy.  When  these  were  active, 
what  a  frightful  region  must  it  have  been  ! 

There  are  at  present  203  burning  volcanoes  on 
the  globe.  107  of  these  occur  in  islands,  and  98 
on  continents,  but  ranged  mostly  along  their  shores. 
The  American  volcanoes  are  among  *those  most 
distant  from  the  sea.  In  Peru,  they  are  about  70 
miles  from  it.  The  volcano  Popocatepec  is  140 
miles  inland,  but  it  merely  smokes. 

We  owe  to  missionary  zeal,  an  acquaintance  with 
the  most  remarkable  volcano  ever  described,  in  the 
i^and  of  Owhyhee,  where  several  exist  in  an  active 
state.  Mouna  Roa,  a  mountaiti  of  trachytic  forma> 
tion  estimated  to  rise  to  the  prodigious  height  of 
15000  feet,  contains  an  enormous  crater,  8  miles  in 
circumference,  and  includes  a  va&t  l&We  o^  tcucJA!^^ 
lava,  subject  ta  horrific  exploBvona  vadL\xtA\^^Qio>%> 
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The  crater,  instead  of  being  the  truncated  top  of  a 
mountain,   distinguishable  at  a  distance  in   every 
direction,    is    an    immense    chasm    in    an    upland 
country,  near  tlie  base  of  tlie  mountain,  and  is  ap- 
proached not  by  ascending  a  cone,  but  by  descend- 
ing two  vast  terraces.      It  is  not  visible  from  any 
point,  at  a  greater  distance  than  hali'  a  mile.     The 
whole  summit  of  its  ancient  cone  seems  to  have 
fallen  in,  and  formed  the  precipitous  ruins  which 
encircle  the  crater  to  a  distance  of  from  15  to  20 
miles.     The  crater  is  G  or  7  leagues  from  the  sea, 
and  of  elliptic  form.  The  bottom  of  the  gulf  within, 
lias  a  circumference  of  5  or  (>  miles ;  and  a  depth 
of  1500  feet,  the  descent  being  in  general  practica- 
ble.    When  Mr.  Goodrich  visited  this  crater  for 
the  first  time  in  1824,  he  remarked  in  the  cavity, 
12  distinct  places  covered  with  red  hot  lava,  and  3 
or  4-  from  which  it  spouted  to  the  height  of  30  or 
40  feet.     At  1000  feet  above  the  bottom,  there  was 
observable  round  the  inner  surface  of  the  hollow 
cone,  a  black  border,  which  he  considered  to  be  the 
trace  of  th#  height  to  which  the  melted  lava  had 
recently  risen  before  breaking  through  an  opening 
for  itself  into  the  sea,  by  some  subterranean  channel. 
Sulphurous  exhalations  of  variable   colour  and 
den'sity  escape  from  all  the  fissures  of  the  lava  crust, 
producing  here  and  there  a  blast  like  strong  vapour 
blowing  out  of  a  steam  boiler.     The  pumice  stones 
found  in  great  abundance  all  round  the  crater,  are 
80  light,  porous,  and  delicate  in  texture,  that  it  is 
^fficult   to  preserve   specimens   of   them    entire. 
iFibrous  capillary  filaments,  similar  to  those  collected 
T  every  eruption  of  the  \o\caiio  m  SX\ft  \^fe  cS 
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Bourbon,  cover  the  ground  about  the  crater  to  a 
thickness  of  2  or  3  inches.  The  wind  sometimes 
transports  these  filaments  to  a  distance  of  6  or  7 
leagues.  A  party  from  the  Blonde  frigate,  which 
not  long  since  visited  the  crater,  represent  the  first 
impression  of  the  lurid  gulf  within,  when  viewed 
from  its  brink,  as  surpassing  all  powers  of  description. 
From  the  margin,  said  they,  we  looked  down  for  more 
than  1300  feet,  over  rocks  of  lava  and  columns  of 
sulphur,  between  whose  antique  fissures  a  few  green 
shrubs  and  berry-bearing  plants,  clung'  to  a  rugged 
soil,  where  many  a  cone,  raised  by  the  action  of  the 
fire  below,  was  throwing  up  columns  of  liquid 
flame,  with  whirls  of  smoke  and  vapour;  while 
floods  of  liquid  fire  were  slowly  rolling  among  scoriae 
and  ashes,  here  yellow  with  sulphur,  and  there 
black,  gray,  or  red,  as  the  substance  varied  in  hue 
against  wliich  the  flames  played.  Not  less  than 
50  cones,  of  various  heights  appeared  below  us, 
one  half  of  which  were  active  chimnies  of  volcanic 
Are.  The  older  cones  frequently  fall  in,  and  are 
constantly  replaced  by  new  ones.  Some  of  them 
t^ect  fragments  of  rock,  others  only  ashes,  while 
lava  or  boiling  water  issues  from  their  sides.  Many 
of  the  cones  emit  vapours  which  condense  into  sul- 
phur beds  of  beautiful  forms.  The  roaring  of  the 
elements  bursting  their  prison,  added  greatly  to  the 
horror  of  the  scene. 

*'  A  whole  lake  of  fire  was  seen  to  open  suddenly 
.  up,  in  a  part  at  a  little  distance.  This  lake  could 
not  have  been  less  than  two  miles  in  circumference, 
and  its  action  was  more  horribly  sub\\me»  V\\mv  mvj 
thing  I  ever  imagined  to  exist,  eveii  ia  ^Jftft  '\Si« 
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visions  of  unearthly  things.  Its  surface  had  ali  tlie 
agitation  of  an  ocean.  Billow  afler  billow  tossed 
iu  nionsti'ous  bosom  into  the  air,  and  occasionally 
the  waves  from  opposite  directions  met  witJi  such 
violence,  as  to  dash  the  fiery  spray,  in  the  concus- 
sion, forty  or  filly  feet  high."* 

Two  immense  peaked  mountauis  rise  out  of  the 
north-east,  and  south-west  extremities  of  the  cen- 
tral table  land  of  Owhyhee,  the  fonner  named 
Mouna  Kea,  or  tlic  White  mountain,  supposed  to 
be  18000,  and  the  latter  Mouna  Roa  15000  teet 
idgb.  The  steep  declivity  of  the  table  land,  which 
at  different  distances  from  the  coast,  rises  into  a 
continued  ric^e,  from  3000  to  GOOO  feet  in  height, 
is  perforated  with  innumerable  craters,  whose  floods 
of  melted  lava  have  from  time  to  time  encroached 
considerably  on  the  sea.  About  25  years  ago,  an 
eruption  from  the  summit  of  Mouna  Huararai,  a 
part  of  the  ridge  on  the  western  side,  estimated  at 
8000  feet  in  height,  poured  forth  a'torrent  of  lava, 
which  overwhelmed  in  its  course  several  villages, 
destroyed  numerous  plantations  and  fish-ponds, 
and  filled  up  the  deep  bay  of  Kirauea,  to  the 
extent  of  20  miles  in  length,  fonning  an  entirely 
new  line  of  coast.t 


•  Rev.  Charlei  Stewart,  August  26,  1885;  letter  in  Silliman'R  Journal, 
t  Peli,  probably  the  superstitious  title  of  the  Kirauea  fires,  has  lately 
acquired  peculiar  interest,  aa  the  scene  of  sublime  heroism  in  a  female. 
The  barbarous  natives  had  long  worshipped  the  mysterious  powers  of 
nature  that  r^e  in  this  place.  They  supposed  the  gods  of  the  island  to 
have  their  abode  here,  requiring  to  be  propitiated  by  perpetual  obla- 
tions, and  punishiug  every  violation  of  their  sanctuary  with  instant 
destruction.  This  worship  is  now  no  noK',  'A\tea  \i««tt  ;iMi\v^'nc4Vi'j  ^ 
C%aitiaa  convert  of  high  rank,  KKpioWnv.   MXlbite^'bcC'^bA^w^ 
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Among  the  Friendly  islands,  three  volcanoes  are 
known  to  exist.  Tafooa,  one  of  them,  contains  a 
volcano  which  the  natives  worship  as  the  abode  of 
a  divinity.  £ap,  to  the  eastward  of  the  Caroline 
islands,  is  volcanic,  and  is  subject  to  frequent  earth- 
quakes. 

The  position  of  all  our  active  volcanoes  in  the 
neighbourhood  of  the  ocean,  is  a  very  striking  fact. 
It  becomes  much  more  so  when  we  observe  sub- 
marine volcanoes  burning  in  the  very  bosom  of  the 
sea.  The  little  islets^  and  other  phenomena,  which 
they  have  been  observed  to  produce  at  Santorioi,  on 
the  shores  of  Iceland,  ne^  the  Azores,  &c.,  leave  no 
doubt  of  their  existence.  The  writers  of  antiquity 
speak  frequently  of  islands  which  were  seen  to  rise 
out  of  the  Grecian  seas.  *'  The  celebrated  islands 
of  Delos  and  Rhodes,"  says  the  elder  Pliny,  "  ac- 
cording to  tradition,  are  sea>bom  ;  ailerwards  lesser 
islands  were  observed  to  spring  up,  such  as  Anaphe 
beyond  Melos';  Nea,  between  Leranos  and  the 
Hellespont ;  Alone,  between  Labedos  and  Theos ; 
Thera  and  Theresia  amid  the  Cyclades,  in  the  4th 
year  of  the  135th  Olympiad  ;  Htera  situated 
between  the  two  preceding,  130  years  afterwards. 

[Hce  that  bounds  the  sunken  plain,  many  of  her  friends  anil  depeodenta 
lost  courage  and  turned  back.  At  the  second,  the  rest  earnestly 
entreated  her  to  desist  from  her  dai^erous  enterpriRe,  and  Co  tempt  xto 
fiirtber  the  powerful  gods  of  the  fires.  Bat  she  proceeded,  tayiog, "  I 
Dill  descend  into  the  crater,  and  if  I  do  not  return  safe,  then  continue 
to  worship  Peli ;  but  if  I  come  bock  unhurt,  jon  must  learn  to  adore 
the  God  that  created  PelL"  With  unhesitating  step  she  reached  the 
gloony  abyss,  stirred  the  fiery  lake,  and  completed  an  achievement, 
Kldom  equalled  in  the  annals  of  magnanimity.,  Whca  she  pushed  tib,« 
stick  into  the  glowing  lava,  the  ido\atiouB  nefiwcK  Vi»i  ci^wAoi.  vi  w» 
to-  iatantiy  &M  ■  sacrifice  to  their  uimXted  e;>&tem. 
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M  In  our  own  time,  1 10  years  since  the  above  period, 
■  under  tiie  consulate  of  M.  Junius  Silanus  and  L. 
B  Bulbus,  TZ/ia  appeared."  Strabo  asserts  positively, 
tliat  Hiera  was  produced  in  the  midst  of  flames. 
Plutarch  and  Justin  relate  that  its  formation  was 
accompanied  with  much  fire,  and  great  ebullition 
in  the  sea. 

On  the  93d  May  I707,  at  sun-rise,  there  was 
observed  in  the  sea  at  a  league  from  the  island  of 
Santorini,  a  floating  rock.  Some  sailors  mistook  it 
for  a  ship  ready  to  founder,  and  they  pulled  towards 
it,  with  the  view  of  pillage.  On  arriving,  they  ven- 
tured to  alight  upon  it,  and  they  carried  off'  some 
pumice  stones,  with  oysters  sticking  to  them.  In  a 
few  days,  the  rock  became  stationary,  forming  a 
little  island,  which  rapidly  increased  in  size.  The 
sea  now,  began  to  be  agitated,  and  a  degree  of  heat 
and  sulphurous  fumes  pervaded  the  island,  which  pre- 
vented its  being  approached.  On  the  l6th  July, 
17  or  18  black  rocks  rose  along  side  of  the  island ; 
on  the.  18th  there  issued  from  it,  for  the  iirst  time, 
a  dense  smoke,  while  subterranean  bellowings  were 
heard  ;  on  the  19th  the  fire  began  to  appear,  and 
gradually  increased  in  fury.  During  the  night,  the 
island  seemed  to  be  nothing  but  a  multitude  of  fur- 
naces vomiting  flames.  Its  magnitude  increased, 
so  that  the  noxious  fumes  became  intolerable  at 
Santorini.  The  sea  boiled  violently,  and  threw  dead 
flsh  on  the  neighbouring  shores.  The  submarine 
noises  rivalled  the  sound  of  furious  cannonading ; 
while  the  fire  made  new  openings,  which  projected 
showers  of  red-hot  ashes  and  stoues,  sometimes  to  a 
distance  of  more  than  two  \eagvies.    TVia  voX.etes.x^ 
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jng  State  of  things  lasted  for  a  year.  Five  hundred 
paces  from  the  island,  the  sea  felt  scalding  hot  to 
the  hand,  and  melted  away  the  pitch  from  boats, 
which  had  therefore  to  be  prepared  for  the  volcanic 
trip,  by  an  extra  caulking. 

For  10  years  after  the  formation  of  the  new 
island,  the  volcano  made  several  eruptions — but 
when  examined  in  1772  by  M.  de  Choiseul,  it  was 
quite  inactive ;  and  a  large  quantity  of  bitumen  and 
sulphur  was  observed  oozing  out  of  its  shores. 

Captain  TiUard  of  the  Royal  Navy  described  in 
the  Phil.  Trans,  for  1812,  an  analogous  phenomenon 
which  presented  itself  to  his  notice  near  the  Azores. 
About  a  mile  from  the  north-west  cHffi  of  St. 
Michael's,  within  the  sea,  avolcano  sprung  up.  From 
Uiis  part  of  tiie  water  an  immense  body  of  smoke 
was  seen  to  rise,  from  which  suddenly  burst  forth  a 
black  column  of  cinders,  ashes,  and  stones,  in  the 
form  of  a  spire  inclined  to  the  perpendicular  at  an 
angle  of  from  ten  to  twenty  degrees.  During  these 
eruptions,  vivid  flashes  of  lightning  continually  issued 
from  the  densest  part  of  the  volcanic  smoke,  accom- 
panied with  occasional  water  spouts.  The  part  of 
the  sea  where  the  volcano  was  situated,  was  upwards 
of  thirty  fathoms  deep.  The  volcano  had  lasted 
four  days,  when  a  crater  began  to  form  at  the  sur- 
face of  the  water,  the  edges  of  which  rapidly  rose  to 
20  feet  above  its  level,  with  a  diameter  of  about 
400  feet  The  contiguous  cliifs  of  St  Michael's 
were  at  this  period  shattered  by  a  shock  of  an  earth- 
quake. The  mouth  of  the  crater  facing  St  Michael's 
was  nearly  level  with  the  sea,  though  in  other  ^«it& 
it  eventually  rose  to  a  height  of  futty  ^00  feet.  \\. 
2f 


was  filled  with  boiling  hot  water,  which  overflowed 
into  the  sea  by  a  small  channel  of  six  yards  broad ; 
through  which  it  was  probably  filled  a^in  at  higli  r 
water.  This  stream,  close  to  the  margin  of  the  sea,  J 
was  so  hot,  as  to  scald  the  fingers  when  they  were 
suffered  to  remain  in  it  a  few  seconds  ;  and  great 
'mimbera  of  fish  w««  destroyed  during  the  eariy  part 
"eftheeruptioD.  This  UluidC  called  Sofinna^^terAe 
nime  <^  C^tain  Tillard's  ship,  was  not  lon^  viilBili^ 
fiv  in  1812  boiling  but  a  little  sinoke  or  steam  wis 
-perceived  to  rise  &om  the  sea;  where  the  vcdcanic 
ashes  had  been  thrown  up. 

Appearances  altogether  similar  occurred  on  May 
10,  1814,  during  serene  weather,  on  the  coast  of 
Kamtschatka. 

In  the  history  of  volcanic  eruptions,  frequent  men- 
tion is  made  of  torrents  of  water  and  mud  ejected 
by  volcanoes.  Bouguer  and  Condamine  saw  these 
formidable  torrents  tear  up  the  surface  of  a  whole 
country.  Six  hours  after  an  explosion  of  Cotopaxi, 
a  village  nearly  80  miles  distant  in  a  straight  line, 
and  probably  140  by  the  winding  channel,  was 
entirely  swept  away  by  the  flood.  In  1698  the 
volcano  of  Carguarazo,  contiguous  to  and  probably 
connected  with  Chimbora90,  sunk  in,  and  covered 
nearly  50  square  miles  of  country  with  mud.  It  is  ' 
not  in  fact  by  burning  lavas,  that  the  volcanoes  of 
Peru  and  Quito  exercise  their  ravages,  but  by  tor- 
rents of  mud  and  water.  The  mud,  when  first 
ejected,  has  the  consistence  of  pap,  but  it  speedily 
hardens  ;  and  occasionally  contains  so  much  black 
combustible  matter,  that  the  inhabitants  make  use  of 
it  afterwards  for  fue\.   SomeVvwve*  xXvt  mvi^^'j  ^^Assa. 
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that  flow  from  subterranean  caverns,  carry  along 
with  them  a  vast  quantity  of  small  fishes.  These 
are  a  species  of  glutinous  pimelodes  {pimelodes  cyclO' 
pum.'  Humb.),  of  which  the  largest  are  scarcely  4i 
inches  long.  Their  number  is  often  so  considerable, 
that  by  putrifying  they  breed  a  pestilence  in  the 
country.  They  are  of  the  same  species  as  those 
living  in  the  native  streams  j  from  which  it  would 
appear  that  there  are  certain  communications  be- 
tween the  upper  level  of  the  volcanic  lakes  in  the 
interior  of  the  mountains,  and  the  surface  of  the 
external  land.  The  wonderful  circumstance  is, 
that  they  are  raised  up  from  that  level  8000  or  9000 
feet  high,  and  ejected  from  the  crater  with  very 
little  injury. 

Tiie  masses  of  water  and  mud,  in  the  preceding 
cases,  are  probably  due  to  local  peculiarities.  There 
can  however  be  no  doubt  that  the  expansion  of 
water  by  heat  into  steam,  forms  the  eruptive  agent 
which  elevates  and  throws  out  the  liquid  lavas  of 
volcanoes,  as  well  as  the  showers  of  ashes  and 
stones.  The  fountains  of  the  Geysers  in  Iceland, 
indisputably  prove  the  volcanic  agency  of  steam, 
so  that  Savery's  engine  is  merely  a  miniature  model 
of  the  mechanism  employed  by  nature,  on  a  magni- 
ficent scale,  to  give  projectile  force  to  her  jets  of  hot 
water  in  Iceland.  "  For  an  hour  and  a  half,"  says 
an  intelligent  traveller,  "  the  column  rose  without 
interruption  150  feet  high,  being  17  feet  thick  at 
its  greatest'  diameter ;  and  spouted  up  with  such 
energy,  that  it  retained  near  the  top,  the  same 
dimensions  and  the  same  %ure  as  at  the  base.  Otv 
throwing  stones  into  the  volcanic  gai?>  ^e^'  '«e.tR 
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seen  to  mount  instantly  with  tlie  column  of  water, 
and  even  to  reach  a  still  greater  height  with  aston- 
ishing velocity." 

Great  volcanic  eruptions  are  usually  accompanied  ' 
with  very  heavy  rains,  which  inundate  tlie  conti- 
guous regions.  The  sea  seems  to  sympathise  with 
the  agitations  of  tlie  adjoining  volcanoes ;  rising 
and  falling  in  rapid  alternation.  We  may  ascribe  to 
a  similar  oscillation  the  depression  which  it  sud- 
denly undergoes  in  the  neighbourhood  of  a  volcano, 
at  the  crisis  of  an  eruption,  caused  by  the  sudden 
de&ax  of  a  great  body  of  water  into  tlie  vast  vol- 
canic caverns.  Earthquakes  and  volcanoes  are 
intimately  related.  They  are,  says  lyAubuisson, 
most  likely  the  effects  of  the  same  agents,  or  sub- 
terranean fires.  In  the  tremendous  earthquake 
which  destroyed  Lima  in  1746,  four  volcanoes  were 
opened  up  in  one  night,  and  the  agitation  of  the 
ground  immediately  ceased.  The  deeper  seated 
the  explosive  forces  are,  the  more  extensive  and 
sudden  is  the  concussion.  At  Curaana  in  1813, 
the  first  shock  lasted  6  seconds,  the  second  12 ;  then 
a  very  loud  subterranean  noise  was  heard,  foUowed 
by  a  perpendicular  movement  of  3  or4  seconds' dura- 
tion, which  was  terminated  by  a  longer  continued 
undulatory  motion.  Nothing  on  the  surface  oi 
the  ground  could  resist  these  cross  oscillatiotis. 
The  city  was  totally  overthrown,  leaving  only  the 
cathediBl.  I^e  ocean  is  very  violently  agitated  by 
earthquakes.  At  that  which  desolated  Lisbon  in 
1755,  even  the  British  and  Norwegian  seas  felt  the 
shock;  and  at  the  same  m^taxvl^K^^hole  land  of  Por- 
tugal and  Andalusia  mbiaSjed.  la.Mfica.'wWav'iiaft, 
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cities  of  Morocco,  Fez,  and  Mequinez  we're  in  a 
great  degree  destroyed,  the  sensation  of  the  earth- 
quake was  perceived  over  a  large  portion  of  Spain, 
France,  Switzerland,  and  Germany.  The  shock 
that  ruined  Lima,  was  propagated  across  the  conti- 
nent of  America,  and  the  Atlantic  Ocean,  even  to 
Europe.  A  violent  earthquake  which  not  long  ago 
overturned  some  houses  at  Constantinople,  caused  a 
concussion  at  Petersburgh.  On  the  8th  Sept  1601, 
between  one  and  two  o'clock  in  the  morning,  a 
considerable  earthquake  shook  the  whole  of  Europe 
and  Asia. 

Till  Sir  H.  Davy's  splendid  discoveries  of  the 
metalHc  bases  of  the  earths  and  alkalis  in  I8O7  and 
1808,  no  hypothesis  explanatory  of  volcanoes  had 
been  offered  which  was  entitled  to  the  slightest 
respect.  Ever  since  that  most  illustrious  era,  how- 
ever, I  have  regaided  the  theory  of  volcanic  action, 
equally  complete  and  satisfactory,  with  most  of 
our  physical  inductions.  It  is  therefore  peculiarly 
gratifying  to  find  that  its  celebrated  author  has  him- 
self finally  favoured  the  world  with  the  develop- 
ment of  views  so  entirely  his  own. 

The  metals  of  the  alkalis  and  earths  from  their 
paramount  affinity  for  oxygen,  could  not  possibly 
exist  on  the  surface,  but  only  in  the  interior  of  the 
globe.  On  this  principle,  volcanic  fires  would  be 
occasioned  whenever  these  metals  were  extensively 
exposed  to  the  action  of  air  and  water.  Thus  also, 
the  formation  of  lavas  might  be  explained,  as  well 
as  that  of  granites,  porphyries,  basalts,  and  many 
other  crystalline  rocks,  from  the  slow  cooling  oC 
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the  products  of  combustion  or  oxidation  of  theae 
remarkable  substaiiees. 

This  opinion  was  announced  by  Sir  H.  in  a 
paper  published  in  the  Philosophical  Transactions 
for  1808;  and  illustrated  in  the  lecture  rotim  of 
the  Royal  Institution,  by  beautitul  experiments 
which  I  had  the  pleasure  of  witnessinft  in  1809- 
Since  1819  he  has  endeavoured  to  gain  evidence 
respecting  it,  by  an  examination  of  volcanic  pheno- 
mena of  ancient  and  recent  occurrence  in  various 
parts  of  Europe.  The  active  volcano  on  which  he 
made  his  observations  is  Vesuvius  ;  than  which, 
there  is  probably  no  other  so  admirably  fitted  for 
the  purpose,  from  its  vicinity  to  a  great  city,  the 
facility  with  which  it  may  be  ascended  in  every 
season  of  the  year,  and  the  nature  of  its  activity. 

On  the  5th  December,  1819,  he  had  an  oppor- 
tunity of  examining  a  stream  of  lava  flowing  freely 
from  an  aperture  in  the  mountain,  a  little  below 
the  crater.  The  crater  itself  emitted  so  large  a 
quantity  of  smoke,  with  muriatic  and  sulphurous 
acid  fumes,  that  it  could  be  approached  only  in  the 
direction  of  the  wind  j  and  it  threw  up  every  two 
or  three  minutes,  showers  of  red<hot  stones.  At  an 
aperture  about  100  yards  below,  the  lava  flowed,  as 
if  forced  out  by  elastic  fluids  with  a  noise  like  that 
made  by  steam  issuing  from  a  high  pressure  engine 
boiler.  It  rose  perfectly  fluid,  in  a  stream  of  from 
5  to  6  feet  diameter,  and  immediately  fell  as  a  ca- 
taract, into  a  chasm  about  40  feet  below,  where  it 
was  lost  under  a  kind  of  bridge  of  cooled  lava — 60 
or  JO  yards  farther  down,  the  stream  reappeared. 
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On  issuing  from  the  mountain,  it  was  nearly  white 
hot,  and  exhibited  an  appearance  similar  to  that  pro- 
duced by  plunging  a  pole  of  wood  into  the  melted 
copper  of  a  foundery ;  its  surface  being  violently 
agitated  with  the  escape  of  large  bubbles,  which 
burst  into  a  white  smoke.  Under  the  bridge,  the 
lava  seemed  red-hot  in  the  sunshine.  The  force  of 
its  current  was  so  great,  that  the  guide,  a  very  stout 
young  man,  could  not  hold  a  long  iron  rod  in  it. 
During  the  whole  of  its  course,  which  was  nearly 
three  quarters  of  amile,  it  threw  off  clouds  of  white 
smoke,  except  at  two  or  three  interruptions  where 
it  flowed  under  a  cooled  surface.  As  the  smoke 
diminished,  it  cooled  and  became  pasty  ^  but  even 
where  it  terminated  in  moving  masses  of  scoriae, 
smoke  was  still  visible,  especially  on  stirring  them 
up,  or  the  red-hot  lava  in  the  interior. 

Next  day  Sir  H.  approached  within  four  or  five 
feet  of  the  lava  aperture,  and  examined  the  vapour 
close  to  it,  by  chemical  reagents.  From  an  eddy  in 
the  hollow  of  the  rock  over  which  it  fell,  he  lifted 
some  of  the  lava  in  an  iron  ladle,  and  ascertained 
by  experiment  whether  any  combustion  was  going 
on  at  the  moment  of  its  issue  from  the  mountain. 
There  was  certainly  no  appearance  of  more  vivid 
ignition  in  consequence  of  its  exposure  to  the  air, 
nor  did  it  glow  with  more  intensity  when  it  was 
raised  in  the  ladle.  He  put  the  circumstance,  how- 
ever, beyond  the  possibility  of  doubt,  by  pouring 
some  of  the  fused  lava  into  a  glass  bottle  containing 
siliceous  sand  at  the  bottom ;  and  furnished  with  a 
ground  stopper.     He  closed  it  at  the  moment,  aivd 


rSnS  BOOK  III^CHAP.  II.-GEOI.OGICAL  CATASTEOPHE.  1 

examined  the  air  at  his  leii^ure ;  when  he  found  by  I 

the  test  of  nitrous  gas  that  the  air  in  the  bottle  con-  I 

tained  as  large  a  proportion  of  oxygen,  as  common  V 


I 


He  threw  melted  nitre,  both  in  mass  and 
powder,  upon  the  surface  of  the  lava.  The  salt 
fused  by  the  heat,  but  there  was  no  deflagration  to 
indicate  the  presence  of  combustible  matter.  On 
making  the  experiment  on  a  portion  of  lava  taken 
up  in  the  ladle,  it  appeared  that  the  brightening  of 
the  fused  nitre,  was  pardy  owing  to  the  peroxidize- 
ment  of  the  protoxide  of  iron  ;  and  to  the  combi- 
nation of  the  potash  of  the  nitre,  with  the  earths  of 
the  iava,  for  the  spot  covert^d  by  the  melted  nitre  was 
changed  in  colour  from  an  olive  to  a  brown.  This 
conclusion  was  confirmed  by  finding  that  chlorate 
of  potash  thrown  upon  the  lava  did  not  increase  its 
degree  of  ignition  so  much  as  nitre ;  but  when  a 
stick  of  wood  was  made  to  communicate  a  little 
carbonaceous  matter  to  the  lava,  it  glowed  with 
great  brilliancy  when  nitre  or  chlorate  of  potash  was 
projected  upon  its  surface. 

When  some  fused  lava  was  thrown  into  water, 
and  a  glass  bottle  filled'  with  water  was  inverted 
over  it,  only  a  very  minute  quantity  of  gas  was  dis- 
engaged, which  proved  on  analysis  to  be  common 
air  a  little  less  pure  than  what  is  obtained  from 
common  water  by  boiling. 

A  wire  of  copper  ,*„  of  an  inch  in  diameter,  and 
a  wire  of  silver  ,*^,  introduced  into  the  lava  near  its 
source,  instantly  melted ;  but  an  iron  rod  i  of  an 
inch,  with  a  piece  of  iron  wire  about  ^n,  were  held 
far  five  minutes  in  the  eddy  of  the  stream  without 
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fusion,  nor  did  they  produce  any  smell  of  sul- 
phuretted hydrogen  when  acted  on  by  muriatic  acid, 
8  proof  that  no  sulphur  was  present  in  the  lava. 

A  tin  plate  funnel  filled  with  cold  water,  was 
held  in  the  fumes  that  issued  with  such  violence 
from  the  aperture.  Liquid  muriatic  acid  was  con- 
densed upon  its  surface.  When  the  same  funnel 
was  held  in  the  white  fumes  above  the  lava  where 
it  entered  the  bridge,  no  fluid  was  precipitated  upon 
it,  but  it  became  coated  with  a  white  powder  which 
proved  to  be  common  salt,  absolutely  pure, 

A  bottle  of  water  holding  about  three  quarters  of 
a  pint,  witK  a  long  narrow  neck,  was  emptied 
immediately  in  the  aperture  from  which  the  vapours 
issued  that  pressed  out  the  lava.  The  neck  of  the 
bottle  was  immediately  closed.  The  air  which  it 
contained,  being  tested  by  potash-water  indicated 
no  carbonic  acid  gas,  but  consisted  of  91  azote, 
and  9  oxygen.  There  was  not  the  least  smell  of 
sulphurous  acid  in  the  vapour  from  the  aperture, 
nor  were  the  fumes  of  muriatic  acid  so  strong  as  to 
be  unpleasant  i  but  the  last  quarter  of  an  hour  that 
Sir  H.  was  engaged  in  these  experiments,  the  wind 
changed  and  blew  the  smoke  from  the  crater  upon 
the  spot  where  he  was  standing,  when  the  sul- 
phurous acid  gas  in  the  fumes  were  found  so  highly 
irritating  to  the  organs  of  respiration,  as  to  oblige 
him  to  descend.  Nor  was  the  effect  on  his  lungs 
transient,  for  a  violent  catarrhal  indisposition  ensued, 
which  prevented  him  from  ascending  the  mountain 
for  a  month. 

On  the  6th  January  he  made  another  vUit  to 
Vesuvius,  and  found  the  appearance  o?  V!(\ft  \a.N^ 


994  BOOK  ni.-cnAP.  h.-oeolooical  catastrophk. 

considerably  chan{»ed.  The  month  {bocca)  from 
which  it  had  issued  on  the  5th  December  was  now 
closed,  and  the  curreiit  rtowed  silently  from  a 
chasm  in  the  cooled  lava  about  300  feet  lower  down. 
The  heat  was  evidently  less  intense.  He  repeated 
Dis  experiments  with  nitre  with  the  same  results, 
and  exposed  pnre  silver  and  platinum  to  the  fused 
lava;  when  the  metals  were  not  tarnished.  The  rocks 
iicar  the  ancient  bocca  were  entirely  covered  with 
white,  yellow,  and  reddish  saline  substances,  consist- 
ing of  common  salt  in  great  excess,  with  much 
muriate  of  iron,  and  some  sulphate  of  soda,  along 
with  a  sma\\  quautily  of  sulphate  or  muriate  of  pot- 
ash, and  a  minute  trace  of  oxide  of  copper.  There 
was  one  specimen  of  large  saline  crystals  in  a  cavity, 
which  had  a  slight  tint  of  purple.  These  were  com- 
mon salt,  with  a  slight  portion  of  muriate  of  cobalt 

On  the  S6th  January  the  lava  was  seen  nearly 
white  hot  through  a  chasm,  near  the  place  where  it 
flowed  from  the  moimtain.  He  threw  nitre  upon 
it  in  large  quantities  through  this  chasm,  but  there 
was  no  more  increase  of  ignition  than  when  the  ex- 
periment was  made  on  lava  exposed  to  the  free  air. 
The  appearance  of  the  sublimations  was  now  con- 
siderably changed ;  those  near  the  aperture  were 
coloured  green  and  blue  by  salts  of  copper;  but 
there  was  still  a  great  quantity  of  muriate  of  iron. 
On  the  5th  December  the  sublimate  of  the  lava  was 
pure  chloride  of  sodium  (common  salt) ;  in  the 
sublimate  of  January  6,  there  was  sulphate  of  soda 
vith  indications  of  sulphate  of  ])otash.     In  the  sub- 

lates  collected  on  the  26th,  the  sulphate  of  soda 
jn  m  uch  larger  quant\\.\es,  as  -we^i  a&  xJcve  -^o^aaVv 
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salt.  From  the  5th  December  to  the  20th  February 
the  lava  flowed  in  larger  or  smaller  quantities,  so 
that  at  night  a  stream  of  ignited  matter  was  always 
visible,  more  or  less  interrupted  by  cooled  lava.  It 
changed  its  direction  according  to  the  obstacles  it 
encountered  ;  never  extending  apparently  so  much 
as  a  mile  from  its  source.  During  the  whole  of 
this  time,  the  craters,  two  in  number,  were  in 
activity  ;  the  large  one  throwing  up  showers  of 
ignited  ashes  and  stones  to  a  height  of  from  200  or 
300  feet;  the  smaller  one  projecting  steam  with 
great  violence.  Whenever  the  crater  could  be 
approached,  it  was  found  to  be  coated  with  saline 
incrustations ;  and  the  walk  to  the  edge  of  the  small 
crater  on  the  6th  January  lay  through  a  mass  of 
loose  saline  matter  principally  common  salt  coloured 
by  muriate  of  iron,  in  which  the  feet  sunk  to  some 
depth.  It  was  easy  even  at  a  great  distance  to 
distinguish  between  the  steam  disengaged  by  the 
one  crater,  and  the  earthy  matter  thrown  up  by 
the  other  ;  for  the  steam  appeared  white  in  the  day, 
and  formed  perfectly  white  clouds,  which  reflected 
the  morning  and  evening  light,  of  the  purest  tints 
of  red  and  orange ;  while  the  earthy  matter  appeared 
always  as  a  black  smoke,  forming  black  clouds ;  and 
in  the  night  it  was  highly  luminous  at  the  moment 
of  the  explosion. 

On  the  20th  February,  the  small  crater  which' 
had  been  disengaging  steam  and   elastic  matter, 
began  to  throw  out  showers  of  stones.     On  the   • 
night  of  the  23d,  after  an  explosion  which  shook 
the  windows  of  Sir  Humphrey's  bed-room  at  Naples, 
a  column  of  ignited  matter  was  seen  a'&ce.wdSvw^^^wsv 
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^B  Vesuvius  to  a  height  at  least  equal  to  that  of  the 

H    mountain    from    its   hase,    which    illuminated    the 

^1    whole  horizon  with  volcanic  light,  both  direct,  and 

^M   reflected  from   tlie  clouds  above  tlie  column  of 

^B  ignited  matter.     On  obser\'ing  the  lava,  it  appeared 

^*  at  its  origin  much  broader  and  more  vivid  ;  and  it 

was  evident  that  a  fresh  stream  had  broken  out  to 

the  right  of  the  former  one.     When  he  visited  tlie 

mountain  on  the  morning  of  the  Qlth,  he  could  not 

ascend  to  tlie  top  which  was  covered  with  clouds, 

nor  could  he  examine  the  oritice  from  which  the 

lava  issued  ;  but  near  the  termination  of  the  stream 

it  was  from    50  to    lOO  lect  broad.     The  saline 

matters  condensed  on  some  of  the  masses  of  scoria, 

were  of  the  same  nature  in  their  constituent  parts, 

as  those  of  the  lava  of  the  26th  January,  but  with 

a  larger  proportion  of  sulphate  ofsoda,  and  a  smaller 

proportion  of  muriate  of  iron.     The  dense  white 

smoke  emitted  in  immense  columns  by  the  lava 

during  the  whole  of  its  course,  was  most  probably 

produced  by  the  same  substances. 

in  May,  ISl^,  flame  and  steam  issued  from  the 
bottom  of  the  funnel-formed  crater ;  along  with 
fiimes  of  sulphurous  and  muriatic  acids.  There 
was  no  indication  of  carbonaceous  matter  from  the 
colour  of  the  smoke;  nor  was  any  deposited  upon 
the  yellow  and  white  saline  matter  surrounding  the 
crater,  which  was  principally  sulphate  and  muriate 
of  soda, '  with  muriate  of  iron,  and  occasionally 
muriate  of  ammonia. 

In  March  1815,  the  crater  presented  very  di^r- 
ent  appearances;  there  was  no  lava  aperture.  The 
volcano  remfuned  quiet  for  mvQu\KA  \fi^^AivftT,  w\d 
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then  burst  out  into  explosions  with  considerable 
violence,  with  the  ejection  of  fluid  lava  and  i^ited 
stones  to  the  height  of  many  hundred  feet  in 
the  air. 

These  eruptions  were  preceded  by  subterraneous 
thunder,  apparently  coming  from  a  great  distance, 
and  lasting  sometimes  for  a  minute.  During  the 
four  times  that  Sir  Humphrey  was  upon  the  crater 
in  the  month  of  March,  he  had  at  last  learned  to 
estimate  the  violence  of  the  eruption  from  the 
nature  of  the  sound;  a  considerable  explosion  being 
betokened  by  loud  and  long  continued  subterra- 
neous thunder.  Before  the  eruption  the  crater 
appeared  perfectly  tranquil ;  and  its  bottom,  appa- 
rently without  an  aperture,  was  covered  with  ashes. 
Soon  indistinct  rumbling  sounds  were  heard  as  if  at 
a  great  distance  ;  these  gradually  approached,  till 
discharges,  like  artillery,  were  felt  under  his  feet. 
The  ashes  then  began  to  rise  and  to  be  thrown  out 
with  smoke  from  the  bottom  of  the  crater ;  and 
lastly  the  lava  and  ignited  matter  were  ejected  with 
a  most  violent  explosion.  "  I  need  not  say  that 
when  I  was  standing  on  the  edge  of  the  crater 
witnessing  this  phenomenon,  the  wind  was  blowing 
strongly  from  me ;  without  this  circumstance,  it 
would  have  been  dangerous  to  have  stood  on  the 
edge  of  the  crater  ;  and,  whenever  from  the  loud- 
ness of  the  thunder  the  eruption  promised  to  be 
violent,  I  always  ran  as  fast  as  possible  from  the 
seat  of  danger.'*  • 

Immediately  after  the  eruption,  the  ashes  and 

•  Sir  H.  I>avy.— PhiL  Trans.  1R»,  "Pttt  V  ^-  ^^^ 
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Stones  whic'ii  rolled  down  the  crater  seemed  to  fill 
up  the  aperture,  so  that  it  appeared  as  if'the  ignited 
and  clastic  matter  were  discharged  laterally,  when 
the  interior  of  the  crater  assumed  the  same  appear- 
ance as  before. 

Having  interrogated  nature  by  these  admirable 
experiments  and  observations,  he  next  proceeds  to 
offer  the  following  judicious  remarks  on  the  theory 
of  tlie  phenomena.  It  appears  almost  demonstra- 
4)le,  says  he,  that  none  of  the  chemical  causes 
anciently  assigned  tor  volcanic  fires  can  be  true. 
Among  these,  the  combustion  of  mineral  coal  is  one 
of  the  most  current  j  but  it  seems  a  most  inadeijuatc 
explanation.  However  large  the  stratum  of  pit 
coal  might  be,  its  combustion  under  the  surface 
<iould  never  produce  violent  and  extensive  heat ; 
for  the  production  of  carbonic  acid  gas,  when  there 
was  no  free  circulation  of  air,  must  tend  conti- 
nually to  impede  the  process ;  and  if  such  a  cause 
existed,  carbonaceous  matter  would  certainly  be 
found  in  the  lava,  disengaged  along  with  the  saline 
and  aqueous  products  from  the  bocca  or  crater. 
In  England  we  have  many  instances  of  strata  of 
mineral  coal  which  have  been  long  burning ;  but 
the  results  have  been  merely  baked  clay  and  clay 
schists,  without  any  thing  at  all  resembling  lava. 

Were  Lemery's  old  idea  correct,  that  the  action 
of  sulphur  on  iron  may  be  a  cause  of  volcanic  fires, 
sulphate  of  iron  ought  to  be  the  great  product  of 
the  volcano  j  which  is  known  not  to  be  the  case, 
and  the  heat  produced  by  the  action  of  sulphur  on 
the  common  metals,  is  quite  u\ade<\\iate  to  account 
for  the  appearances. 
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When  it  is  considered  that  volcanic  fires  occur 
and  intermit  with  all  the  phenomena  that  indicate 
intense  chemical  action,  it  seems  not  unreasonable 
to  refer  them  to  chemical  causes.  But  for  pheno- 
mena upon  such  a  scale,  an  immense  mass  of  mat- 
ter must  be  in  operation,  and  the  products  of  the 
volcano,  ought  to  give  an  idea  of  the  nature  of  the 
substances  primarily  active.  Now,  what  are  these 
produots  ?  Mixtures  of  the  earths  in  an  oxidated 
and  fused  state,  under  intense  ignition  j  water  and 
saline  substances,  such  as  might  be  furnished  by 
the  sea  and  air,  altered  in  such  a  manner,  as  might 
-  be  expected  from  the  formation  of  fixed  oxidized 
matter.  But,  it  may  be  said  if  the  oxidation  of 
the  metals  of  the  earths  be  the  causes  of  the  pheno- 
mena, some  of  those  substances  ought  occasionally 
to  be  found  in  the  lava,  or  the  combustion  ought 
to  be  increased  at  the  moment  the  materials  passed 
into  the  atmosphere.  To  this  objection,  it  may  be 
replied,  that  the  changes  which  occasion  volcanic 
fires  evidently  take  place  in  immense  subterranean 
cavities  ;  and  that  the  access  of  air  to  the  acting 
substances  occurs  long  before  they  reach  the  day. 

The  ground  under  the  soliaterra  is  unquestion- 
ably hollow  i  nor  is  there  any  reason  to  doubt  of  a 
subterraneous  communication  between  this  crater 
and  that  of  Vesuvius ;  for  whenever  Vesuvius  is 
in  an  active  atate,  the  soliaterra  is  comparatively 
tranquil.  Sir  H.  examined  the  bocca  of  tlie  solfa- 
terra  on  the  21st  February,  1820,  two  days  before 
the  activity  of  Vesuvius  was  at  its  height.  The 
columns  of  steam  which  usually  rise  in  lac^e  o^mv- 
-tities  when  Vesuvius  is  tranquil,  ■were  liONfl  wi^xc^:^ 
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visible,  and  a  piece  of  paper  thrown  into  the  aper- 
ture  did  not  rise  again,  so  that  there  was  every 
reason  to  suppose  the  existence  of  a  descending 
current  of  air-  The  subterraneous  thunder  heard 
at  such  great  distances  under  Vesuvius,  is  almost 
a  demonstration  of  the  existence  of  great  cavities 
^^  below,  filled  witli  aeriform  matter  ;  and  the  same 
^*  excavations  which  in  the  active  stateof  the  volcano 
throw  out  immense  voliunes  of  steam  during  so 
great  a  k'ugth  of  time,  must  in  all  probability, 
become  filled  with  atmospheric  air  in  its  quiet  state. 
The  hmestone  caverns  of  Camiola,  some  of  wliich 
contain  many  hundred  thousand  cubic  feet  of  air, 
show  the  vast  extent  to  which  subterraneous  cavi- 
ties may  exist,  even  in  common  rocks ;  and  the 
deeper  the  excavation,  the  denser  is  the  air,  aod 
the  fitter  for  combustion. 

The  same  cdrcumstance  which  would  enable  the 
alloys  of  the  metals  of  the  earths  to  produce  vol- 
canic phenomena,  namely  their  extreme  facility  of 
oxidation,  must  likewise  prevent  them  from  being 
ever  found  in  a  pure  combustible  state  among  the 
products  of  volcanic  eruptions ;  for  before  they 
reach  the  external  surface,  they  must  not  only  he 
exposed  to  the  air  in  the  subterranean  cavities,  but 
be  propelled  by  steam,  a  substance  equally  fit  to 
oxidize  them  as  the  air.  "  Assuming  the  hypo- 
thesis of  the  existence  of  such  alloys  of  the  metals 
of  Uie  earths  as  may  bum  into  lava  in  the  interior, 
the  whole  phenomena  may  be  easily  explained  from 
the  action  of  die  air  and  the  water  of  the  sea,  on 
^^0boge  metals ;  nor  is  there  any  fact,  or  any  of  the 
•umstances  which  1  have  Tnen.^aneA.'vtv  -Cfte  ^t^ 
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ceding  part  of  this  paper,  which  cannot  be  easily 
explained  according  to  that  hypothesis.  For  almost 
all  the  volcanoes  in  the  old  continent  of  considerable 
magnitude  are  near  to,  or  at  no  considerable  distance 
from,  the  sea ;  and,  if  it  be  assumed  that  the  first 
eruptions  are  produced  by  the  action  of  sea  water 
upon  the  metals  of  the  earths,  and  that  considerable 
cavities  are  left  by  the  oxidated  metals  thrown  out 
as  lava,  the  results  of  their  action  are  such  as  might 
be  anticipated ;  for  after  the  first  eruptions,  the 
oxidations  which  produce  the  subsequent  ones  may 
take  place  in  the  caverns  below  the  surface.  When 
the  sea  is  distant,  as  in  the  volcanoes  of  Soutli 
Ariierica,  they  may  be  supplied  with  water  from 
great  subterraneous  lakes;  as  Humboldt  states  that 
some  of  them  throw  up  fish. 

"  On  the  hypothesis  of  a  chemical  cause  for  vol- 
canic fires,  and  reasoning  from  known  facts,  there 
appears  to  me  no  other  adequate  source  than  the 
oxidation  of  the  metals  which  form  the  bases  of  the 
earths  and  alkalis." — Sir  H.  Davy^  ut  supra. 

We  must  also  take  into  account,  considerations 
derived  from  thermometrical  experiments  on  the 
temperature  of  mines  and  hot  water  springs,  which 
show  that  the  interior  of  the  globe  possesses  a  very 
high  temperature.  Thus  its  nucleus  would  appear 
to  be  in  fluid  ignition  ;  whence  the  solution  of  the 
problem  of  volcanic  fires,  becomes  still  more  simple 
and  satisfactory. — See  beginning  of  Chap.  iii. 


To  this  head  belongs  the  great  family  of  trap 
rocks,  called  by  geologists,  unstraiified  superjacent, 
which  cover  and  conceal  the  secondary  beds  over 
immense  tracts  of  country,  and  which  may  be 
regarded  as  relics  of  those  tremendous  volcanic  ope- 
rations, which  often  shook  the  old  world,  while  they 
ushered  in,  caused,  and  accompanied  the  deluge. 
Nowhere  do  these  eruptive  monuments  display  more 
instructive  and  magnificent  forms,  than  in  the  North 
bf  Ireland,  and  among  the  Scottish  Hebrides,  though 
in  one  shape  or  another,  they  are  scattered  over 
all  the  earth,  attesting  the  universality  of  submarine 
fires  in  the  primeval  globe.  From  the  manifest 
tokens  "of  protrusive  violence  which  this  formation 
has  every  where  left  among  the  secondary  and 
tertiary  beds  of  limestone,  sandstone,  chalk,  &c. 
between  and  above  whidi  it  \s  ?>eeT\  diffused,  there 
can  be  no  doubt  that  it  was  ^TOiecAfe^\iv  ^l«s«a.^ 
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them,  and  thrown  over  them,  long  after  they  were 
deposited,  and  is  therefore  clearly  of  posterior  date. 
For  the  valuable  details  which  follow,  I  am  princi- 
pally indebted  to  Dr.  MaccuUoch  and  Dr.  Boue. 

The  overlying  rocks  appear  under  various  aspects, 
to  which  mineralogists  have  given  a  variety  of 
names ;  but  in  truth  they  all  graduate  by  insensible 
shades  into  each  other,  and  hence  seem  to  have 
bad  a  common  origin,  as  they  are  in  chemical 
composition  nearly  the  same.  They  present  them- 
selves ofien  in  abrupt  columnar  masses  of  gigaptic 
dimensions,  imparting  a  black  and  dismal  character 
to  tlie  territory  over  which  they  preside.  These 
columns  sometimes  stand  vertically  over  tremen-  ' 
dous  precipices,  at  others,  they  stretch  horizontally 
along  tlie  cli£&,  and  now  and  then  are  twisted  and 
bent  into  the  most  curious  curvatures.  Their 
blocks  are  often  piled  up  in  rectangular  masses, 
retiring  behind  each  other  on  the  face  of  a  moun- 
tain range,  as  if  composing  the  steps  of  some  colos- 
sal  stair ;  whence  the  generic  term  trap  (stair)  was 
applied  to  them  in  Sweden,  a  name  now  universally 
adopted. 

This  family  of  rocks,  though  they  want  the  con- 
tinuous expanse  of  the  stratified  class,  and  therefOTe 
can  hardly  be  ranked  among  general  formations, 
are  yet  very  extensively  distributed  over  the  face  ' 
of  the  earth.  If  Great  Britain,  for  example,  in  its 
middle  and  southern  districts,  be  nearly  destitute  of 
them,  near  the  surface,  its  coal-measures  through- 
out exhibit  abundant  marks  of  their  presence ;  and 
a  very  large  proportion  of  Scotiand  Ueft  u.u^AX'^SixciiX 
ia^uence. 
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Herc  trap  sometimes  rises  into  considerable 
mountains,  as  in  Mull,  or  forms  stu|>en(]ous  mural  i 
precijiices,  as  along  the  western  shores  of  Sky.  Oc-  , 
casionally  it  spreads  over  the  secondary  beds  in  a 
vast  expanded  sheet,  or  shoots  out  between  their 
layers  in  a  pseudo-stratification  ;  phenomena  well 
exemplified  on  tlie  whole  Antrim  coast,  from  Lanie 
to  the  Gianfs-Causeway.  The  basaltic  effiisions 
are  superposited  on  formations  belonging  ta  every 
geological  age,  from  granite  and  gneiss  to  tertiary 
strata.  In  Auvergne  lliey  are  observed  reposing 
on  the  latest  mineral  beds,  the  freshwater  lime- 
stone ;  near  Annaberg  in  Saxony,  they  lie  over 
dduvial  land  ;  and  in  the  Vivarais,  at  the  summit 
of  the  Coirons,  M.  Beudant  discovered  them 
resting  on  strata,  which  contain  land-shells  (cyclo- 
stoma  elegans),  whose  analogues  still  bve  in  the 
same  country.  Nowhere  have  they  been  found 
covered  with  other  mineral  beds  j  and  therefore 
we  are  justified  in  regarding  the  greater  part  of 
them  as  of  posterior  origin.  On  the  other  hand, 
the  appearance  of  the  fragments  of  these  rocks  in 
the  lowest  sandstone  conglomerate,  proves  that  some 
trap  formations  also  existed  before  the  deposition  of 
the  secondary  strata. 

Granite  is  sometimes  penetrated  with  veins  of 
trap  as  at  the  Cape  of  Good  Hope,  where  numerous 
veins  of  basalt  pervade  it,  which  vary  in  diameter 
from  an  inch' to  ten  feet,  and  branch  off  in  as  many 
directions,  as  granite  veins  do  in  gneiss,  but  more 
frequently  it  is  surmounted  by  coulees  of  it. 
Among  stratified  rocks,  both  medial  and  super- 
medial,  it  is  found  in  \jToaA  c\as.?.ei,  »a  ^^  ^m 
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veins  }  the  former  of  which  run  sometinies  parallel 
to  the  strata  for  a  certain  way,  then  break  through 
into  a  superjacent  plane  in  which  they  proceed  as 
before.  Irregular  masses  of  trap  are  seen  lying 
beneath  the  stratified  rocks  in  some  places,  from 
which  veins  shoot  up  to  the  surface,  or  run  in  other 
directions. 


I^eudo'StratiScation  of  abasaltic  veb,  injected  between  beih  of  nnd- 
■tone  on  the  east  coast  of  TrotteraUh.  The  apparent  stratum  of  trap 
changes  its  line  of  direction,  passing  up  through  the  planea  between 
which  it  had  formerly  spread,  and  then  holding  a  similar  course  between 
others. — MiKCuliack'a  H'eitem  Iiitt, 

Large  beds  of  trap  are  oflen  subdivided  into 
prismatic  or  cubical  blocks,  which  get  rounded  by 
the  weather  into  forms  hardly  distinguishable  by  the 
eye  from  granite.  But  the  traps  more  usually  ai^ect 
the  prismatic  figure,  a  tendency  first  displayed  by 
vertical  lines,  which  graduate  into  distinct  columnar 
fissures.  The  effect  of  architectural  regularity  is  pro- 
duced when  prisms  are  crossed  by  horizontal  bands 
rectangularly,  an  arrangement  conspicuous  in  Stafl^ 
.  (see  figure  at  the  commencement  of  this  section). 
The  prisms  differ  in  form,  anfl  vary  in  the  number  of 
sides  from  three  to  twelve,  their  most  usual  number 
being  five  or  si  x.  Their  diameters  are  from  an  inch 
to  nine  feet ;  and  their  lengths  from  a  foot  to  upwards 
of  three  hundred  ;  in  which  space,  there  ace  o&jso. 
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transverse  fissures  constituting  natural  joints,  either 
oblique  or  at  right  angles,  to  the  axis. 

This  columnar  structure  is  not  restricted  to  ba- 
Salt;  it  appears  in  syenite  and  claystone  in  Ailsa, 
Bum,  and  Arran ;  in  augite  rock  in  Sky ;  in  por- 

'  phyry  in  Arran  and  Egg,  and  in  greenstone  in 
several  localities.     The  predominant  substance  in 

■  the  members  of  the  trap  family,  is  a  simple  rock,  of 
which  indurated  clay  or  wacke  may  stand  at  one 
end  of  tlie  range,  and  compact  felspar  at  the  other ; 
the  intermediate  body  being  claystone  and  clink- 
stone. In  some  cases,  the  simple  rock  composes 
the  whole  mass;  in  others,  it  is  mixed  with  other 
minerals  in  various  modes  and  proportions ;  pro- 
ducing great  diversities  in  the  external  aspect, 
without  any  essential  difference  in  the  fundamental 
nature  of  the  compound.  Hornblende  is  the  most 
common  crystalline  ingredient  of  these  overlying 
rocks  ;  and  it  gives  character  to  three  of  the  lead- 
ing members  of  the  family,  basalt,  greenstone,  and 
syenite ;  in  each  of  which  the  basis  of  claystone, 
clinkstone,  or  common  felspar  is  united  to  it.  Those 
rocks  in  which  any  of  these  three  bases  has  a  pale- 
white,  yellowish,  or  reddish  hue,  are  ranked  as 
syenites  ;  and  t^ose  where  it  is  gray,  greenish,  or 
dark-coloured  are  greenstones.  The  latter  has, 
moreover,  a  larger  proportion  of  hornblende  than 
the  former.  Augite  and  hyperstene  are  also  two 
minerals  which  enter  largely  into  these  unstratified 
rocks,  and  communicate  in  each  case  very  peculiar 
characters. 

The  most  interesting  feature  of  the  trap  forma- 
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tion  is  to  be  found  in  the  veins  of  it,  which  pass 
through  the  subjacent  or  surrounding  strata.  Per- 
haps the  most  remarkable  example  of  these  veins  is 
that  described  by  Dr.  MaccuUoch  as  occurring  in 
Strathaird  on  the  coast  pf  Sky.     They  traverse  in 


nearly  a  vertical  direction,  and  parallel  to  each  other, 
the  sandstone  strata  of  the  clifis;  being  so  numerous 
in  many  places,  as  nearly  to  equal,  when  collectively 
taken,  the  mass  of  the  stratified  rock  itself.  Thus 
6  or  8  are  sometimes  observed  within  the  space  of 
150  feet ;  and  their  a^regate  magnitude  is  ap- 
parently 60  or  70  feet.  The  veins  do  not  vary  in 
size  through  the  visible  part  of  their  course,  nor  do 
they  throw  out  ramifications  ;  their  average  breadth 
being  10  feet,  though  they  vary  from  5  to  20. 

The  basalts  of  an  earthy  fracture  are  hable  to  de- 
composition by  the  weather,  while  the  vitreous  traps 
are  very  durable.  In  the  instance  of  Strathaird, 
they  seem  to  decay  very  fast,  and  occasion  caves  and 
■fissures  in  the  sandstone  walls.  At  the  spar  cave, 
this  wasting  effect  of  the  sea  and  air  has  corroded 
the  basalt  to  a  depth  of  250  feet  from  \\\e  e.-x.\ErK^ 


I 
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c!ifF.  The  sandstone  partitions  tliat  remain,  look 
like  terminal  abutments,  anil  when  cut  oft*  behind 
by  similar  corrosion,  they  seem  to  stand  forth  in 
square  pillars  of  masonry. 

In  one  of  these  great  veins,  anotlior  smaller  one 
is  seen  passing  through  it.  They  all  seem  to  disap- 
pear in  the  superincumbent  mass  of  tra|i ;  suggest- 
ing tiie  idea,  that  they  penetrated  downwards 
through  the  unindurated  sand  beds,  Irom  a  stream 
of  lava  effused  above.  What  gives  probability  to 
this  opinion,  is  that  the  strata  remain  here  quite 
undisturbed,  tliough  they  are  very  liable  to  disorder 
irom  venous  intrusions.  The  sandstone  is  much 
harder  on  the  facade  crossed  by  the  basalt  than  else- 
where. 


The  abovt  Bguie  represents  a  trap  vein,  passing  perpendicularly 
through  the  calcareous  sandstone  of  Strathaird,  and  again  pierced 
nevly  in  the  line  of  its  axis,  bj  b  second  smaller  veiD  of  basalt,  sii^- 
larly  undulated ;  somewhat  like  the  zigzag  line  of  an  electric  tptnk  in 
the  atmosphere. 

Among  the  limestone  beds  of  Borrereg  an  instruc- 
tive phenomenon  occurs.     A  bed  of  basalt  after 
flowing  extensively  in  a  parallel  course  among  the 
'  trata  of  limestone,  makes  a  sudiea  ^lewwe  '«*»  \iv<i 
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oblique  position,  which  shortly  becoming  vertical, 
runs  away  beyond  reach  of  examination  in  the 
capricious  manner  of  a  trap  vein,  having  in  its  pro- 
gress intersected  at  right  angles  in  one  place,  tiiose 
strata  to  which  it  lay  parallel  in  another. 

The  last  trap  vein  deserving  specific  notice  in  the 
Strathaird  district,  is  one  found  near  Loch  Oransa, 
remarkable  for  the  mixture  which  it  presents  within 
itself  of  all  the  ordinary  varieties  of  trap;  being  a  fine 
grained  basalt,  at  the  edge,  and  passing  by  degrees 
into  greenstone,  porphyry,  and  amygdaloid. 

Trap  formations  like  the  common  volcanic  erup- 
tions, have  a  tendency  to  recur  in  the  same  spot. 
The  alternations  found  in  Canna  prove  that  the 
several  formations  visible,  there  at  least,  are  as  dis- 
tinct in  time,  as  they  are  in  place  ;  since  lapse  of 
time  is  evidentiy  implied  in  the  formation  of  con- 
glomerate rocks.  Here  we  see  rolled  masses  of 
basalt  aggregated  into  a  breccia^  which  is  again 
covered  by  a  fresh  bed  of  basalt.  In  the  same 
island,  cavUies  have  been  observed  in  the  trap  rocks 
exactiy  similar  to  those  included  in  the  scoriae  of 
volcanoes,  or  in  cellular  lavas.  Cells  of  the  same 
kind  occur  abundantly  in  Mull,  in  the .  trap  near 
Oban,  and  they  are  particularly  conspicuous  in 
some  parts  of  the  littie  Cumbray.  Such  analogies 
complete  the  chain,  which  links  the  trap  formation 
to  visible  volcanic  products. 

The  overlying  rocks  occupy  a  large  portion  of  the  Hebrides. 
They  form  the  mountain  masses  of  CuchuUin,  and  the  vast  cliffs  of 
nearly  the  whole  coast  of  the  large  island  of  Sky.  Rum,  Egg, 
Canna,  and  Mull  are  nearly  in  the  same  predicament.  The  south- 
em  half  of  Airan  is  also  basaltic ;  not  to  meutAOH  teaxc]  ^nxi^cis^ 
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furmBtioiw  of  the  sBme  ruck  among  the  otber  taleft.  A  joater  idn 
of  the  amouDt  of  Uiesc  projecieil  rocks  may  liowercr  be  bad  frpB 
a  aurvey  of  the  gre&t  mouiilain  massea  which  they  form  in  Scotlaod. 
The  following  consist  of  trap  ortrlyuig  reil  aandstoae  : 

Dnnsinniut  hill   1012  fm;  Kinnonl  lull  633.      The  cluun  tl       | 
the  Ocliill  liills  ii  similar.     Here  are  Bmcleugh  S200  fe»f%  higb, 
Dalntyatt  2500,  AIts  hill  1600. 

Among   the   Pentlaiuls:    Logui    Hoasehill    1700:    CaerneUif 
1500;  Kirklow  hill  1120;  Castlelaw  1390;    Kirkyetten  1600;      | 
Dalmalioy  680. 

Trap  elevationB  near  Edinburgh  ;  Braiil  4B0 ;  Salisbury  cnug 
550;  Arthur  eeai.  800;  Corstorphine  hiU  470;  Cutle  rock  of 
EdinbuiKb  333  ;  North  Berwick  law  940;  Taprwn  law  700. 

In  the  Clyde  dislrict:  Tinio  2306;  Eildmi  IS60;  Csmprie  ' 
1500:  Neilatonhill  8-20;  MiHtyluw  1240;  Castle  rock  Dumbar- 
toD  SOO ;  GaiTocli  bead  UlanJ  of  Bui«  700.  The  higliest  potnta  of 
the  southern  trap  hills  of  Arran  and  Unsay,  itre  1000  fret :  Cuch- 
ullin  chain  (hyperstene  rocka)  Sky,  3000 ;  Benmore  and  Bn 
y  Chat  in  Mull ;  the  first  S097,  the  second  2294 ;  Basaltic  cmw  of 
Lamtaeb  isle  1009 ;  Duncan  hilt  in  Haaay  about  1500 ;  Storr  JM 
Trottemish  in  the  isle  of  Sky  about  2000 ;  Oreval  and  Bennigra, 
isle  of  RniD,  near  2000 ;  Isle  of  Canna  800 ;  Scuir  of  Egg,  K 
beauufnl  pitchatooe  porphyry,  1339 ;  DOrthem  district  of  MnU 
abont  1100 ;  district  of  Gribon  in  that  island  2000  :  the  ete«p 
««caTpmenta  of  the  same  lOOO;  Isle  of  Gometra  800;  Isle  of 
Ulva  1300;  Isle  of  Kerrera,  in  centre,  ISOO.  Combining  the 
extent  with  the  altitude  of  these  inountwn  masses,  we  may  concaiTe 
what  enormous  coovnlsiona  must  ha?e  accompanied  their  emptiaa 
under  the  surface  of  the  primeval  ocean. 

What  a  vast  body  of  lava  must  have  been  ejected  to  cover  m 
island  like  Sky,  50  miles  long  and  20  broad,  with  conl^  in  rnaaj 
places  1000  feet  deep  I  The  basaltic  mantle  of  the  island  of  Mull 
is  in  like  manner  enormous ;  and  from  these  two  central  foci  the 
antique  lava  seems  to  have  spread  over  the  whole  district  of  the 
trap  isles ;  of  which  only  small  fragmeots  are  exposed  to  view,  the 
great  portion  being  now  engnlphed  in  the  deep ;  forming  dark  basal- 
tic caves,  and  submarine  causeways. 

The  basaltic  mooDtains  difier  much  in  shape.  They  sometioiea- 
Mppetr  in  massiTe,  irregnW  gnra^  o^  biv^iAbi  tqO&&  -,  «»  va  ^IM 
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▼idnity  of  Achnacnug  in  Moll.  Bnt  most  commoiiily  diey  present 
a  series  of  terraces  placed  one  above  another,  capped  by  slightly 
rounded  surfaces,  or  in  small  peaks  or  detached  cones,  having  a 
pointed  or  rounded  aspect.  Occasionally  they  compose  small 
mounds  flattened  on  the  top,  like  Macleod  s  tables  in  Sky.  The 
ordinary  altitude  of  the  terraces  is  from  20  to  80  feet,  and  their 
slope  depends  partly  on  the  greater  or  less  degradation  wliich  the 
rocks  have  undergone,  and  on  the  nature  of  the  constituent  beds. 
Now  and  then  pretty  gentle  declivities  covered  with  turf  are 
observed  between  the  precipices.  In  this  way,  a  trap  mountain 
may  consist  of  two  or  three  vertical  sections,  joined  by  inclined 
planes ;  a  character  which  serves  to  distinguish  these  masses  from 
the  primitive  and  secondary  mountains,  and  to  mark  their  mode  of 
deposition.  At  other  times,  the  cliffs  run  nearly  straight  down 
from  top  to  bottom.  Thus  the  summits  of  Storr  in  Trottemish 
are  cut  almost  vertically  on  the  eastern  side  into  a  fe^ade  of 
nearly  500  feet,  presenting  detached  rocks  which  by  their  square 
or  pointed  forms,  resemble  at  a  distance,  castles,  towers  and  spires. 

The  inclination  of  the  basaltic  beds  naturally  depends  on  the  sur- 
face on  which  they  repose  ;  thus  in  Trottemish,  the  position  of  the 
subjacent  gryphite  limestone,  gives  them  an  inclination  to  the  west, 
in  the  isle  of  Egg  they  incline  to  th&  south,  in  Staffa  they  slope 
down  to  the  east  at  an  angle  of  9^,  while  they  lie  almost  horizon- 
tally over  the  upright  edges  of  the  primitive  rocks,  or  over  one 
another,  in  Mull  and  its  dependencies. 

The  Campsie  hills  form  a  long  ridge  of  overlying  trap  in  the 
centre  of  the  Scottish  Lowlands.  They  proceed  from  west-south- 
west to  east-north-east,  beginning  in  the  valley  of  red  sandstone 
near  Dumbarton,  and  ending  in  the  strath  of  Stirling.  On  the 
north  from  Drymen  to  Stirling  they  are  bordered  by  a  nearly  flat 
formation  of  sandy  diluvium ;  and  on  the  south,  by  coal-measures 
whidi  connect  the  grand  coal  basins  of  Forth  and  Clyde.  The 
greatest  length  of  the  ridge  b  about  22  miles,  and  its  average  breadth 
10,  having  a  surface  finely  waved  with  undulations  running 
from  south  to  north.  The  eminences  are  in  general  rounded  and 
have  their  convex  parts  turned  to  the  west.  On  the  east,  the  ridge 
slopes  down  in  a  plane  inclined  at  an  angle  of  20°  or  S0°.  The 
summits  are  in  general  1200  or  1500  feet  high ;  but  the  Mij 
Ben  iiaes  to  1800  feet,  and  gives  origin  to  iW  TV7€r&  Ob 
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Endrick;  which  nm  to  oppoeite  seas.  The  tops  exhibit  Hoall 
escarpments,  or  st^ep  cliffs  ou  the  weati^ni  siiiit,  as  do  the  trap  hills 
in  general  of  the  great  valley  of  Scotland,  with  au  occ&sional  dis- 
play of  irregular  prismatic  colonnades.  On  the  sides  of  the  tnuiH- 
yene  valleys  of  Campaie  and  Fintry,  pretty  extensive  Hei^tions  of 
(he  superpuHition  of  severEl  hasaltic  beds  on  one  another  a|ipear, 
■imilar  to  what  forms  so  picturesque  an  object  aliove  Kilpatrick 
on  tho  north  banks  of  the  Clyde,  near  Dumbarton. 

I  We  are  iudebted  to  Dr.  Berger  aiul  the  Rev.  W. 
Conybeare  for  a  very  interesting  account  of  the 
basaltic  area  of  the  north  of  Ireland,  presenting 
facts  demonstrative  of  its  igneous  origin,  and  the 
extensive  convulsions  which  must  have  attended 
its  eruption, 

The  opposite  points  of  Scotland  and  Ireland  on 
tlie  Antrim  coast,  correspond  exactly  in  geological 
structure.  The  Mull  of  Cantyre  which  faces  Tor 
Point  resumes  the  chain  of  mica  slate  which  was 
there  broken  off.  The  Cantyre  hills  are  connected 
with  the  Grampians,  a  chain  strikingly  similar  to 
the  mica-slate  mountain  range  of  the  county  Lon- 
donderry, which  is  succeeded  on  tlie  south  by  a 
conglomerate,  perfectly  resembling  that,  which  is 
so  well  known  as  skirting  the  Grampians  on  their 
southern  border. 

Of  the  basaltic  group  of  hills  in  Ireland,  Knocklead  in  the 
northern  extremity  of  the  eaiitem  chain  offers  the  highest  summit, 
rising  1820  feet  above  the  level  of  the  sea ;  but  its  basis  is  occupied 
to  the  height  of  500  feet  by  primitive  rocks,  leaving  1320  feet  for 
the  thickness  of  tlie  overlying  strata.  Divis  hill,  near  the  southern 
extremity  of  tlie  chain,  is  wholly  composed  of  these  strata,  and 
attains  an  elevation  of  1175  feet  above  the  level  of  the  sea.  Crag- 
nashoack  at  the  southern  extremity  of  the  western  chain  has  a  height 
of  1864  feet.  The  basaltic  covering  seerns  to  acquire  its  greatest 
''  'ckaeea  on  the  north,  where  t!he  XrasR^u^  cuq  oI  ^w]«.i«ua^. 
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the  tnoat  northern  summit  of  the  nestem  chain,  roeaBurm  mora 
than  900  feet.  The  avera^  depth  of  the  basaltic  superstratum  may 
be  eafely  estimated  at  6i5  feet,  and  its  superficial  extent  at  the 
prodigious  area  of  800  square  miles,  a  solid  mass  of  magnificent 
dimensions. 

From  the  absence  in  Scotland  of  the  chalk  for- 
mation the  trap  lies  there  in  immediate  contact 
with  secondary  sandstone  for  the  most  part,  but  in 
Ireland  it  has  substrata  of  chalk,  and  other  mem- 
bers of  the  English  secondary  formations.  The 
chalk  in  Ireland  does  not  average  in  thickness 
above  200  feet,  while  in  England  its  mean  value  is 
800.  It  agrees  exactly  with  the  lower  beds  of  the 
English,  and  consequently  of  the  French  chalk, 
which  are  distinguished  from  the  higher  beds  of 
the  same  formation,  by  their  greater  consoUdation. 
It  is  impossible  for  any  two  portions  of  the  same 
formation  to  be  more  entirely  identified,  by  every 
external  character,  and  by  the  fossils  and  organic 
remains  contained  in  them,  than  are  these  Irish 
beds,  with  the  English  beds  in  the  isles  of  Wight 
and  Purbeck.  In  both  localities  the  lower  beds 
are  destitute  of  flints,  which  the  upper  contain  in 
abundance ;  and  beneath  both  of  them,  the  green 
sand  is  found,  called  Mulatto  in  Ireland.  But  the 
numerous  beds  of  coarse  calcareous  oolites,  which 
in  England  succeed  this  green  sandstone,  are  en- 
tirely wanting  in  Ireland,  and  the  mulatto  reposes 
immediately  on  the  lias  limestone.  This  again  rests, 
as  in  England,  on  beds  of  red  and  variegated  marl, 
containing  gypsum,  and  is  further  distinguished  by 
numerous  salt  springs.  Under  the  marl,  lies  a 
thick  deposit  of  red  and  variegated  sa.^is.Vo'cv&  cwv- 
taining  day  galJs.     These  fowt  foTma^io'cv^  VKvda 
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together  with  the  basalt,  constitute  the  whole  mass 
of  tlie  mountains  associated  with  the  eniptive  class, 
cannot  be  estimated  as  possessing  a  less  average 
tliickness  than  from  800  to  1000  feet  This  whole 
system  of  beds,  at  its  nortii-eastem  and  soiiUi-west- 
em  extremities,  appears  to  repose  on  the  coal 
fonnation,  and  its  associated  limestone ;  which  in  • 
their  turn  repose  on  primitive  rocks.  Tlie  proofs 
which  the  deep  valleys,  separating  the  detached 
eminences  characteristic  of  tlie  basaltic  system, 
afford  of  their  formation  by  diluvial  action,  exca- 
vating portions  of  the  solid  strata,  where  no  rivers 
run,  are  complete,  and  have  been  ably  illustrated 
by  Dr.  Richardson  in  the  Appendix  to  the  Statisti- 
cal Survey  of  Antiim,  Rolled  i'ragments  of  primi- 
tive rocks  are  often  found  on  the  summits  of  high 
basaltic  ridges  which  are  at  present  cut  off  from  all 
communication  with  the  primitive  districts,  by 
numerous  intervening  valleys  ;  indicating  at  once 
the  state  which  preceded  or  constituted  the  deluge, 
and  the  ravages  of  its  retiring  torrents. 

The  chalk  stratum  is  frequently  traversed  by 
basaltic  dykes,  and  often  exhibits  a  remarkable 
alteration  near  the  point  of  contact.  In  such  cases, 
the  change  sometimes  extends  8  or  10  feet  from 
the  wall  of  the  dyke,  being  greatest  where  in  con-  . 
tact  with  it,  and  thence  gradually  passing  into  the 
ordinary  appearance.  The  extreme  alteration  pre- 
sents crystalline  flakes;  then  a  saccharine  grain, 
lastly  a  porcellanous  density ;  and  the  altered  chalk 
emits  a  vivid,  phosphorescence  when  moderately 
heated.  In  the  insulated  mass  of  secondary  strata 
which  cap  the  prinutive  mass  o£   Sivevft  ^^\otv. 
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(on  the  south  of  the  great  valley  of  denudation, 
through  which  the  Mayola  flows,)  the  chalk  appears 
underneath  the  basalt,  and  there  it  attains  its 
greatest  elevation,  being  quarried  at  the  very  con- 
siderable height  of  1460  feet  above  the  level  of  the 
sea.  The  deposit^is  however  thiu,  and  the  strata 
much  split. , 

The  folloving  section  of  the  clifis  near  the  Causeway,  showa  tb« 
order  of  auperpositloD  of  the  different  trap  rockB. 

PcM 

1.  Basalt  rudely  colnmnar, 60 

2.  Red  ochre  or  bole 9 

3.  Basalt  irre^larly  prianiftljc,        ....  60 
if.  Columnar  basalt,        ......  7 

5.  Intermediate  between  hole  and  basalt,  .         .         8 

6.  Coarsely  coliunnar  basalt,   .....        10 

7.  Columnar  basalt,  the  upper  range  of  pillan  at  Ben- 

gore  head,     .......       54 

8.  Irregularly  prismatic  basalt.    In  this  bed  die  wncke 

and  wood  coal  of  Port  NofTer  lie,     .         .         .       54< 

9.  Columnar  basalt,    the  stratum  which   forms  the 

Causeway  by  ita  interaection  with  the  sea  line,        44 
10.  Bole  or  red  ochre, 22 


in 

13.   ) 


Tabular  basalt  ditided  by  thin  seams  of  bole,     .       60 

'*• ) 

15.  r  Tabular  basalt  occanonally  containing  zeolite,       80 

16.  ) 

The  tabular  basalt  is  the  prerailing  rock  of  the  trap  district, 
occnpyii^  at  least  nine-tenths  of  its  whole  area.  It  is  disposed  itt 
Wds  of  consi^eisble  thickness.  The  strata  of  columnar  basalt 
Wem  to  occur  almost  exclusively  towards  the  nortliem  boundary 
of  the  basaltic  area.  The  pillars  are  composed  of  the  most  com- 
pact and  homogeneous  variety  of  basalt,  contuning  a  small  qnan- 
dty  of  steatite  occasionally  imbedded  in  'u&  mws,  %&&  ^mm9~ 
AepropfTty  of  htiag  mora  or  \em  scnorcMM  i»\ieQ  iAxd^  ^^I 


4lGllO0K  IlL-CnAP.   tl.-GEO LOGICAL  CATASTROPnE. 

hammer.     Tbe»p  colanms  appnr  ntm  pvai  laaBj  loolttiei  boiiles 
that  of  tiie  GtaM*  Canwrny. 

The  following  remarks  on  basaldc  formations  by 
the  Rev.  W.  Conybeare  form  a  note  to  his  valuable 
paper  on  the  North- East  of  Ireland  in  the  3d  volume 
of  the  Geological  Transactions. 

While  describing  the  striking  appearances  pre- 
sented by  Kenbaan  cliffs,  1  cannot  forbear  to  declare 
the  conviction  which  this  spot  tirst  impressed  upon 
my  mind,  and  to  express  my  full  assent  to  the  ai^u- 
ments  of  those  who  maintain  the  igneous  origin  of 
such  formations. 

I  would  observe  then  that  this  formation  is  dis- 
tinguished by  characters  so  directly  opposed  to  those 
which  all  rocks  undoubtedly  of  aqueous  origin  pos- 
sess,  that  no  hypothesis  which  ascribes  both  to  a 
common  origin,  can  be  otherwise  than  contradictory, 
and  at  variance  with  itself.     For, 

1.  Of  all  other  formations,  the  least  ancient  are 
the  least  elevated  ;  but  this  the  most  recent  of  all, 
yet  rivals  the  primitive  mountains  in  height 

2.  Of  all  other  formations,  the  degree  of  consoli- 
dation decreases  together  with  their  age,  their  texture 
passing  from  crystalline  through  the  several  grada- 
tions of  sub-crystalline,  compact,  coarse,  and  lastly 
earthy  j  while  in  this  formation,  even  where  it  rests 
on  chalk,  the  crystalline  texture  of  the  oldest  rocks 
frequently  recurs. 

3.  Whin  dykes,  which  are  indisputably  connected 
with  this  formation,  differ  from  all  other  mineral 
veins,  in  the  circumstance  of  their  traversing  all 
rocks  indifferently  ■,  vjhUe  of  olhet  veins,  particular 

's  are  excluswe\y  a&soc\a.v&^  ^'xiOa  v*^'*^^^'^ 
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rocks.  Such  being  the  negative  evidence  against 
the  Neptunian  hypothesis,  I  procefed  to  that  which 
is  positive  in  favour  of  the  Volcanists  j  as, 

1.  The  identity  of  chemical  composition  in  basalt 
and  lava. 

2.  The  constant  occurrence  of  trap  rocks  in 
volcanic  districts. 

3.  The  confession  of  the  Wernerians  themselves, 
that  the  basalt  of  Auvergne  is  of  igneous  origin. 

4.  The  testimony  of  those  best  acquainted  with 
districts  still  exhibiting  active  volcanoes.  Such 
persons  as  Dolomieu  and  Spallanzani,  have  uniformly 
maintained  the  igneous  origin  of  basalt,  while  those 
who  have  contended  agmnst  it,  have  generally  been 
unacquainted  with  countries  of  this  description. 

Having  tbos  alluded  to,  rather  than  stated,  Mine  of  the  general 
aiguments  on  which  this  qnestion  appears  to  me  to  depend,  I 
retom  l«  Kenbaan,  where  the  basalt  is  Men  extending  from  benealh, 
as  well  aa  overlyiag,  the  great  mua  of  chalk,  which  has  at  one 
extremity  assnmed  such  a  cnrrature  as  would  naturally  result  from 
lateral  pressure  ;  and  at  the  other  is  rent,  and  shattered  in  the  most 
extraordinary  manner,  the  basaltic  mstler  iDsiniiating  itself  into  the 
fissures,  and  often  converting  hy  its  contact,  chalk  into  grannlar 
marble,  while  fragments  of  the  chalk  of  all  sizes  appear  to  have 
been  forced  upwards,  and  imbedded  in  the  basaltic  rock,  having 
suffered  in  their  superficial  parts,  where  the  basalt  touches  them, 
a  most  remarkable  change. 

It  seems  impossible  to  conceire  appearances  more  utterly  irre- 
concilable with  the  hypodiesis,  that  the  basalt  waa  deposited 
regularly  above  the  chalk  from  a  state  of  aqneoua  solution.  On 
the  other  hand  were  we  to  imagine,  a  priori,  the  phenomena  which 
would  probably  result  from  the  eruption  of  a  current  of  ignited 
lava  from  beneath  the  chalk,  and  its  snhsequent  difliision  over  the 
npper  surface  of  the  chalk,  while  the  whole  was  submerged  beoeatb 
the  sea,  and  under  a  considerable  pressure,  they  vouAA  «:uo\'^ 
Beemd  with  those  wbieb  may  actuiUy  \>e  ob«eT^e&  bX  Yi.'ci&nait.. 
3  H 
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To  the  sBme  piupose  the  change  e£Fecteil  by  the  whin  ilykes  of 
this  district  on  the  rocks  they  traverse  might  be  cited.  Thus  v/e 
have  instances ; 

t.  Of  the  conversion  of  old  red  sandstone  into  honidtone, — Geol, 
Traiu.  vol.  III.  p.  201. 

2.  Of  the  conversion  of  tlie  slate  clay  of  the  vjm\  measures  into 
ffinty  slate,  and  of  the  reduction  of  the  coal  itself  to  cindera, — 
Ibid,  pp.  205,  206. 

3.  Probably  also  of  the  conversion  of  the  slate-clay  of  the  liu 
formation  into  dinty  slate. — p.  213. 

4.  Of  the  conversion  of  chalk  in  several  places  into  (^ranulsr 
marhle pp.  172,  173. 

Hence  if  it  be  allowable  to  specalate  on  subjects  so  remote 
firam  actual  observation,  I  would  infer  that  the  hypothesis  which 
ascribes  the  formation  of  the  floetz  trap  rocks  to  subroarine 
volcanoes,  which  were  active  at  a  very  remote  period  before  the 
seas  and  continents  had  assumed  their  present  relative  level,  is 
both  in  itself  more  consiBlenl,  and  in  its  application  to  the  actiial 
phenomena  more  satisfactory  than  any  other. 

It  is  evident  that  the  basaltic  mass  of  Ulster  was  aceamulaled 
antecedently  to  the  last  great  <!onvalsion  which  has  modified  the 
surface  of  our  globe,  excavating  its  valleys,  and  constituting  its 
alluvial  deposits. — Geol.  Tram.  voL  III.  p.  208. 

Professor  Buckland  in  his  general  outlines  of  tlie 
structure  of  the  Alps,  informs  us  that  tliere  are  no 
traces  whatever  either  of  trap  rocks,  or  whin  dykes, 
in  the  Alps  of  Savoy,  Switzerland,  or  Tyrol,  along 
the  entire  north  side  of  the  great  primitive  ridge 
from  Mont  Blanc  to  Presburg.  But  on  the  south 
side  of  it  in  Tyrol,  they  occur  in  considerable  force 
at  the  Val  di  Fassa  on  the  east  of  Botzen,  under 
circumstances  of  singular  resemblance  to  the  trap 
rocks  and  whin  dykes  of  Scotland,  and  the  north  of 
Ireland. — Seepage  424. 

An  excellent  mineralogical  account  of  this  district 
has  been  given  by  Pioifeswii  '^'(;o«y^\  "a^  "MUan. 
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The  trap  protrudes  itself  through  primitive  rocks, 
new  red  sandstone,  and  Alpine  limestones,  both  in 
the  form  of  small  dykes  and  irregular  masses ;  the 
latter  swell  into  mountains  of  great  elevation  at  the 
upper  extremity  of  the  Val  di  Fassa,  above  Vigo  j 
and  in  the  Sieger  Alp  close  adjoining.  They  abound 
in  well  crystallized  minerals,  chiefly  of  the  zeolite 
family,  which  bear  a  strong  resemblance  to  those  of 
the  neighbourhood  of  Glasgow.  In  both  countries 
also  the  rock  itself  comes  much  into  contact  with,' 
and  cuts  through  strata  of  the  new  red  sandstone 
formation.  A  similar  mass  of  trap  occurs  also 
cutting  the  Alpine  limestone  of  Monte  Baldo  on 
the  Lago  di  Garda,  where  it  is  remarkable  for  con- 
taining veins  and  nodules  of  the  green  earth  of 
Verona,  a  substance  which  probably  derives  its 
colour,  if  not  origin,  from  the  decomposition  of 
pyroxene  (augite). 

Not  far  south  from  Fassa  on  the  border  of  the 
plain  of  Lombardy,  is  a  still  more  extensive  forma- 
tion of  trap,  which  occupies  large  tracts  in  the 
Vicentino,  the  Monti  Berici,  and  Euganean  hills.— 
See  page  95. 

In  these  districts,  basaltic  dykes  cut  through 
rocks  of  all  ages,  from  the  mica  slate  of  Recoaro  to 
the  calcaire  grassier  (crag  limestone)  of  Monte 
Bolca,  and  the  Monti  Berici ;  and  amorphous 
masses  of  trap  protrude  themselves  into  and  through 
these  same  formations,  so  as  to  appear,  in  different 
points,  lying  under,  over,  and  alternating  with  them 
all.  In  the  Euganean  hills,  the  trap  has  been  said 
to  contain  marine  shells  ;  and  hence  an  ai^vim^xA. 
has  been  taken  against  ita  igneoua  ofv^ixv.    '^'oX. 
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these  remaina  occur  only  in  a  species  of  basaltic  tuit, 
or  regenerated  trap,  being  a  conglomerate  rock 
composed  of  minute  fragments  of  trap,  mixed  witii 
marine  shells  of  tlie  same  character  witli  those  that 
fill  the  strata  of  calcaire  grosster,  with  which  these 
trap  conglomerates  alternate.  Similar  shells  are 
found  on  the  south  of  Turin  at  the  base  of  the  Sub- 
Appenines  in  a  breccia  composed  of  fragments  of 
serpentine  ;  and  in  Hungary  also  in  an  anaiogous 
breccia  composed  of  fragments  of  volcanic  rocks. 

Although  no  trap  rocks  occur  between  the  cen- 
tral Alpine  ridge,  and  the  great  valley  of  the 
Danube,  yet  small  portions  appear  on  the  north 
border  of  this  valley  at  Hoent  Wyl,  near  Schaff- 
hausen,  and  again  at  Urach  in  the  Rauche  Alp  on 
■  the  north-west  of  Ulm.  Their  extent  farther  north 
in  Saxony  and  Bohemia,  is  too  notorious  to  require 
mention. 

The  following  remarks  on  the  igneous  origin  of 
trap  are  by  Dr.  Bou6.  * 

The  Bppe^a«Dce  of  porphyries  in  the  middle  or  the  coal  fomia- 
tion,  IB  particnlarly  interesting,  as  their  origin  here  has  beeri  traced. 
Near  Halle,  for  instance,  some  porphyries  rise  into  beaatifal  doinea, 
like  ^e  Pay  de  Sarcoay  in  AuTei^e,  which  paaa  through,  or  under 
the  coal  formation,  while  othera  evidently  spread  over  the  snper- 
jacent  sandstone.  In  the  neighbom'hood  of  these  protruding  masBea, 
great  distarbances  of  the  strata  occnr  with  alterations  of  the  coaly 
■ahstance,  whilo  anomalous  mineral  (nasBea  appear  which  pass  eren- 
tnally  into  sandstone,  but  are  bo  unlike  it  at  fir8t,as  tobe  called  clay- 
stone-tnff,  lydian  stone,  jasper,  &c.  Associated  with  the  above  are 
many  true  basalts. 

The  Dr.  gives  the  following  characters,  as  distinctive  of  igneona 
rocks  ejected  under  water,  from  sncb  as  have  flowed  in  the  open 

•  Menjoir9of'WeniMwaiawittT,"4o\.YJ. 
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ur.  The  aubmariDe  laras,  u  least  those  of  poeterior  date  to  the 
chalk  fomiBtioD,  do  not  riae  into  so  lofty  hilla  as  tho«e  which  were 
npheared  into  the  atmosphere ;  a  difference  probably  due\  to  the 
iocnmbent  weight  of  the  ocean.  The  same  pressure  has  also  caused 
them  to  ramify  more  into  dykes  aod  smaller  veins  ;  and  has  even 
flattened  the  interstitial  beils  of  basalt  into  a  thinner  amUe.  The 
aabaqaeous  traps  are  more  compact,  often  intermingled  with  basaltic 
tnha,  aod  breccias  of  a  kind  of  felspar.  This  conglomerate  appear- 
ance ia  hardly  ever  observed  in  the  atmospheric  lavas,  since  the 
■olid  tufas  would  in  their  case  be  dischai^ed  tram  the  open  volcano. 
TTie  vitreous  chaiwjter  abounds  much  more  in  the  ignigenons  rocks 
formed  in  idr  than  in  water ;  while  the  latter  contain  many  snb- 
Btances  resulting  from  infiltration,  or  even  sublimation,  which  the 
former  do  not  possess.  'Fragments  of  adjoining  atiata  are  often 
found  imbedded  in  enbaqueous  lavas ;  as  in  the  basaltic  cone  of 
Dosenberg,  near  Warbui^h,  where  the  protrusive  rock  contuns 
innumerable  pieces  of  shell  Umestoae.  Occasionally  masaea  of  clay 
and  sandstone  are  entangled,  as  in  the  clinkstone  cone  near  Banow 
on  the  borders  of  Hungary  and  Moravia ;  or  indurated  like  the 
rock  of  Portrush  near  the  Giant's  Causeway.  On  the  snrfoce  of 
the  ground,  lavas  rarely  alter  the  contiguous  rocks,  while  under 
aqueous  pressure,  they  generally  change,  harden,  or  penetrate  them. 

We  shall  conclude  the  subject  of  erupted  rocks, 
with  the  following  observations  of  two  eminent  geo- 


Mr.  de  la  Beche  in  his  paper  "  On  the  Geology 
of  Tor  and  Babbacombe  Bays,  Devon,"  concludes 
that  the  appearances  of  the  coast  which  he  has  de- 
scribed, point  out  two  distinct  geological  epochs; 
1st,  That  of  the  formation  of  the  new  red  conglo- 
merate, after  the  limestone  and  shale  had  been 
partially  broken  up.  2dly,  The  intrusion  of  the 
trap,  at  a  period  subsequent  to  the  deposition  of  the 
conglomerate  and  new  red  sandstone.  And  besides 
attributing  the  disturbed  stale  of  V\i\s  ie.^wv,\ft  "CSi*. 
operation  of  trap,  the  authot  Vs  d:\s50^«!».  Vo  t^'usx  *^ 
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the  same  period  and  agency,  the  great  dislocations 
'  in  the  oohtic  series  on  the  east  of  the  tract  which  he 
lias  described  ;  and  to  connect  with  the  convTilsion 
by  which  he  supposes  that  disturbance  to  have 
been  produced,  the  greater  catastrophe  whicli  ele- 
vated the  chalk  of  the  Isle  of  Wiglit, — and  even 
possibly  tliat  which  threw  up  the  main  ridge  of  the 
Alj)s.  To  tlie  west  of  Babbacombe  the  trap  is  pro- 
truded upwards  into  the  overlying  argillaceous  slate 
of  the  carboniferous  limestone  ;  tiie  adjacent  beds 
of  shale  being  broken,  much  contorted,  and  some 
poi'tions  of  them  even  included  in  the  mass  of  trap; 
while  the  limestone  in  the  upper  part  of  the  cliff  is 
also  much  dislocated.  In  the  inaccessible  clifis 
near  Oddicombe  sands,  the  trap  has  intruded  itself 
among  the  limestone  and  shale,  the  beds  of  which 
are  much  altered  in  character,  and  so  broken  up 
near  the  summit,  that  they  are  with  difficulty  dis- 
tinguished from  each  other.  The  largest  mass  of 
trap  encloses  a  large  detached  portion  of  the  con- 
torted limestone. 

Near  to  a  great  fault  at  Oddicombe  sands,  the 
argillaceous  slate  is  elevated  to  the  top  of  the  cliff, 
and  the  adjoining  new  red  conglomerate  also  rises, 
as  if  forced  up  by  the  same  movement  which  had 
affected  the  slate.  ' 

Professor  Henslow  of  Cambridge,  has  recently 
described  a  series  of  facts  observed  in  the  Isle  of 
Anglesea,  which  prove  in  the  most  satisfactory 
manner,  the  connexion  of  veins  of  trap  with  very 
high  temperature ;, since  the  change  produced  upon 
the  strata,  through  whicVv  V\ve  ?.w\i%\a»tes  uo'n  occu- 
pying the  veins  weie  mjecVei,  Vas  ^^^lowl&ed.  w» 
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nearly  to  fluidity,  as  to  admit  of  their  crystallization, 
in  forms  different  from  any  which  the  components 
of  the  rocks,  if  not  thus  acted  on,  would  have 
afforded. 

In  Mr.  Murchison's  "  Supplementary  Remarks"* 
on  the  strata  of  the  ooUtic  series,  and  the  rocks 
associated  with  them,  in  the  counties  of  Sutherland 
and  Ross,  and  in  the  Hebrides,  we  find  the  follow- 
ing testimony  to  the  eruptive  origin  of  granite.  In 
his  previous  memoirt  he  stated  that  wherever  the 
granite  rock  of  the  Ord  of  Caithness  comes  in  con- 
tact with  the  beds  of  the  oolitic  series,  the  latter 
are  compounded  into  a  remarkable  breccia;  and 
his  subsequent  observations  have  not  only  fully 
confirmed  the  conclusion  which  he  drew  from  these 
phenomena  :  viz.  '<  that  the  granite  of  this  coast  must 
have  been  elevated  at  a  period  subsequent  to  the 
deposition  of  the  oolitic  strata  ;**  but  has  also  led  Pro- 
fessor  Sedgwick,  as  well  as  himself,  to  the  convic- 
tion, that  it  has  been  upheaved  in  a  solid  form,  and 
that  in  breaking  through  these  submarine  deposits 
which  might  not  perhaps  have  been  originally  in 
contact,  it  has  so  fractured  and  dislocated  their  beds 
as  to  have  prepared  them  for  reconsolidation  in  the 
state  of  a  brecciated  rock.  Hence  we  might  expect, 
that  where  the  granite  disappears,  a  more  full 
development  of  the  secondary  oolitic  strata  would 
take  place,  which  actually  happens  in  this  district. 

The  gneiss  of  the  remarkable'  rocky  ridges  called  the  Sutors  of 
Cromarty,  is  repeatedly  traversed  by  large  and  small  veins  of  tme 
granite.     It  is  now  pretty  generally  admitted  that  the  granite  most 

•  Geol.  Tnau.  2d  Scries,  «d  Vol.,  p.  ^5^,        \  \5»^-  ^^>a'^* 
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li«ve  been  in  a  fluid  state  at  the  period  wheo  llieae  veins  issneil 
from  it8  msss.  But  the  granite  which  lion  uplioBVed  and  fractareii 
the  beds  of  the  oolitic  series  in  Sutherland,  could  not  have  been  iu 
■  fluid  state,  since  it  has  neither  penetrated  nor  overflowed  die  con- 
tiguous masses  ()f  solid  lireccia.  In  such  situBtioiis  therefore  the 
disturbing  rock  was,  at  the  period  of  its  elevation,  moat  probably 
in  a  compact  and  crystalline  form;  bo  that,  when  forced  up  against  the 
civeriyingslraia,  it  must  haTfi  fractured  the  sandHtoiie,  limestone,  and 
ahale,  thus  preparing  the  materials  tvhich  when  re-comentcd  (under 
the  ocean)  fonnei)  the  breccia  above  described.  But  we  have  atldi- 
tlonal  evidence  of  the  elevation  of  the  granite  en  masse  upon  this 
N.E,  coast  of  Sutherland,  where  it  has  not  only  hrecrialed  llif  bed* 
of  the  oolitic  series,  but  has  also  thrown  up  tlie  red  coiiirlomerate 
to  the  summits  of  many  of  the  mountains,  whose  bases  consist 
either  of  granite  or  of  gneiss  charged  with  granitic  veins.  Thus 
the  old  red  conglomerate  (sandstone)  which  when  undisturbed, 
passes  beneath  the  oolitic  series,  and  its  coal-fiehl  of  Brora,  presents 
such  an  anomalous  appearance  as,  without  explanation,  might  lead 
to  the  supposition  of  ita  being  an  overlying  deposit. 

[f  an  adequate  cause  be  required  to  explain  the 
great  upheaving  of  the  granite  upon  this  coast,  may 
we  not  seek  for  it  in  some  deeply  seated  volcanic 
agency,  struggUng  in  vain  to  expand  its  forces  from 
beneath  the  vast  mass  of  primary  rocks,  of  which 
the  mountains  in  the  north-eastern  Highlands  are 
composed  ?  No  trap  is  here  associated  with  Uiese 
rocks,  yet  eruptive  trap  or  porphyry  may  have  acted 
beneath  the  base  of  the  primary  mountains,  without 
breaking  its  way  through  the  supcrincimibcnt  mass, 
so  as  to  appear  on  their  surface.  On  the  other  hand, 
trap  is  developed  to  a  prodigious  extent  among  the 
secondary  formations  in  the  Hebrides,  as  also  among 
the  coal-sandstones  in  the  South  of  Scotland; 
whence  it  may  be  presumed  that  these  latter  depo- 
sits, owing  to  then  tcxVuie  aui^  eTfA-etA,  \\<itt  -Kvav-i 
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easily  traversed,  altered,  and  even  obliterated  by 
igneous  agency  of  which  they  afford  so  many  indi- 
cations. I  regret  that  my  limits  will  not  permit  me 
to  enter  more  at  large  into  Mr.  Murchison's  excel- 
lent views  on  geological  catastrophe. 

CHAP.  III.— THE  CONSTITUTION  OF  THE  PRIMEVAL 

WORLD, 

AND  THE  REVOLUTIONS  WHICH  IT  UNDERWENT,  DEDUCED  FROM 
,  GEOLOGICAL  PHENOMENA,  ON  PHYSICAL  PRINCIPLEa 

From  the  evidence  advanced  in  the  preceding 
chapter  it  incontestibly  follows,  that  avast  magazine 
of  fire  and  explosion  lies  immediately  within  the 
crust  of  our  sphere,  throughout  its  whole  terraqueous 
zones. 

The  subject  of  the  interior  temperature  of  the 
globe  has  been  lately  investigated  with  all  the 
resources  of  mathematical  analysis  by  M.  Fourier. 
He  considers  the  heat  distributed  within  the  earth 
as  susceptible  of  three  distinct  movements. 

1 .  The  rays  of  the  sun  penetrate  the  globe,  occa- 
sioning diurnal  and  annual  variations  in  its  temper- 
atures. These  periodical  changes  cease  to  be  per- 
ceptible at  a  certain  distance  beneath  the  surface. 
Beyond  that  depth,  and  even  to  the  greatest  acces- 
sible excavations,  the  temperature  due  to  the  sun, 
has  long  since  become  fixed  and  stationary.  The 
whole  quantity  of  solar  heat,  which  regulates  the 
periodical  variations,  oscillates  in  the  exterior  shell 
of  the  earth  ;  descending  further  within  the  surface 
during  one  portion  of  the  year,  and  rising  up  to  be 
dissipated  into  space,  during  the  opposite  or  wintox 
season. 
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2.  Tiie  temperature  of  deep  excavations  constant 
for  any  one  place,  varies  ibr  localities  more  or  less 
distant  I'roin  the  equator,  so  tliat  ttie  solar  heat 
penetrates  further  at  the  equinoctial  zones,  to  re- 
asccnd  and  be  dissipated  at  the  polar  regions. 

3.  We  must  however  consider  not  only  the  ex- 
ternal calorific  focus  of  heat,  but  also  the  action  of 
the  proper  or  intrinsic  heat  of  the  globe.  If,  as 
the  experiments  about  to  be  related  seem  to  prove, 
the  temperature  of  the  deep  recesses  of  the  earth 
becomes  perceptibly  greater  in  proportion  as  we 
recede  from  the  surface,  it  is  impossible  to  ascribe 
this  increase  to  the  heat  of  the  sun.  It  can  proceed 
only  from  a  primitive  heat  with  which  the  earth 
was  endued  at  its  ori^n,  and  which  may  diminish 
in  the  course  of  ages  with  greater  or  less  celerity 
by  diffusion  from  the  surface. 

This  hypothesis  of  an  interior  central  heat  has 
been  revived  by  philosophers  from  time  to  time  i 
for  it  naturally  occurs  to  the  mind  as  the  true  cause 
of  several  great  phenomena. 

Obtervatioiu  for  Ae  Tentptnltan  rf  ihe  Earth, 
In  the  minea  of  Giro-Magny,  three  leagoeB  from  BeftMt,  M. 
GeDBBDiie  fonnd ; 

At     333  feet,  .         .         .  Temp.  54i°  Fahr. 

680 62 

1016 66i 

1429 73 

Id  the  mines  of  Freyberg  M,  D'Aubniuon  fonnd, 

Exuntal  air,        ...         .  41°  Fahr. 

Id  the  gallerieH,  .  .  .  50° 

At    528  feet,  water  pool,  .         .  52° 

8&8  water  of  a  spring,        .  57° 

At  Jonghohebitke,  tbe  ei\eTM&  vWi&oia«\Kt,  %1? 

At  1040  feet  depth,  waUt  w»  ^^^ 
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Obaemdoiu  made  by  Ci^>Uia  Lean  in  the  minea  of  CwnwalL 


At  the  surf&ce,  in  Jnne, 
118  feet  deep, 


640 
1144 


590  Fahr. 
64i" 


M.  Hamboldt  obtamed  analogoui  resuItB  in  the  mines  of  Frey- 
bei^  in  1791,  and  enbsequently  in  many  minea  in  America. 

Several  persons  have  made  objections  to  the 
above  experiments ;  ascribing  the  elevation  of  tem- 
perature to  the  presence  of  miners,  of  lamps,  &c. 
M.  Arago,  in  order  to  obviate  this  difficulty,  ex- 
amined the  water  of  an  Artesian  well  (a  spring 
gushing  up  from  beneath  a  deep  mineral  stratum), 
and  he  perceived  that  its  temperature  was  higher 
than  the  water  near  the  surface  of  the  earth.  Analo- 
gous experiments  have  been  continued,  at  the 
request  of  M.  Arago,  by  M.  Berges,  officer  of 
engineers,  which  lead  to  the  same  result.  This 
mode  of  observation  seems  free  from  every  fallacy. 

The  preceding  facts,  and  other   similar  ones, 
concur  to  show  that  the  increase  is  nearly  a  degree 
of  Fahrenheit  for  6s  feet.   This  increase  will  not  be 
always  of  the  same  amount  aa  attiBe^ie^etA  ^'3  sW 
will  diminisb  progressively,  but  a  gceaX,  TOam^  w^ 
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must  elapse  before  it  be  reduced  to  tlie  balf  of  its 
actual  value.  The  extent  of  tlus  diffusion  of  the 
central  Iieat  into  the  circumference,  and  of  its 
waste  into  the  celestial  spaces,  will  therefore  be 
proportional  to  its  primitive  intensity,  and  to  the 
conducting  quality  of  the  in\'esting  materials. 

If  we  apply  heat  to  the  flat  bottom  of  a  deep 
vessel  (of  iron,  copper,  &c.),  which  contains  several 
alternate  layers  of  sand,  clay,  and  stony  slabs,  con- 
densed as  in  the  supcrmedial  strata  of  England,  and 
covered  with  water,  we  shall  wait  in  \'ain  for  any 
distinct  manifestation,  at  the  top,  of  the  subjacent 
fire.  In  fact,  the  lowest  layer  will  become  com- 
pacted by  the  heat  into  a  schist  impervious  to  liquids, 
so  that  the  incumbent  water  will  never  arrive  at 
the  calorific  source,  and  severed  by  bad  conduct- 
ing matters  can  never  grow  appreciably  warm. 
In  the  great  boilers  of  steam  engines,  many  results 
to  this  effect  daily  occur  which  form  sources  of 
very  serious  annoyance.  Wherever  the  waters  of 
supply  are  calcareous,  more  especially  selenitic, 
they  let  fall  a  crust  of  gypsum  on  the  bottom, 
which  progressively  thickens,  so  as  to  intercept  a 
large  portion  of  the  subjacent  heat,  and  by  separating 
the  iron  from  the  water,  allows  the  metal  to  become 
ignited  and  to  bum  away.  Such  a  deposit  has  been 
known  to  grow  several  inches  tliick,  with  a  stony 
hardness ;  and  till  laboriously  chiselled  off,  it  has 
rendered  the  vessel  quite  inoperative  for  raising  a 
due  supply  of  steam. 

We  have  merely  to  compare  these  incontestible 

-"suits  of  art,  to  the  kindred  p\\e'ftovfteKa.  oV  tisrtjAte^ 

?cog-nise  not  merely  V\\c  an?!io^^,\i\A  "v\«ft'a.V3 
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of  operation  in  the  two  cases ;  for  difference  of 
magnitude,  constitutes  no  disparity  of  essence. 

In  the  early  epoehas  of  the  antediluvian  world, 
soon  txhei  the  granitic  atlas  had  uplifted  the  pri< 
mitive  mountains,  and  before  the  extensive  series  of 
mineral  beds,  which  occupy  our  second  book,  were 
deposited  beneath  the  ocean,  its  waters  resting  on 
the  nearly  concentric,  or  slightly  broken  zones  of 
gneiss  and  mica  slate,  necessarily  lay  in  closer 
proximity  with  the  interior  fires,  than  at  any  subse- 
quent period.  Hence  two  important  consequences : 
1.  From  the  thinness  of  the  solid  crust,  the  smallest 
chink  or  fissure  in  it,  would  be  an  immediate  ^cus 
of  submarine  explosion,  accompanied  and  followed 
by  a  commensurate  comminution  and  dispersion  of 
the  solid  rocks  and  organic  deposits  through  the 
agitated  waters.  2.  The  ocean  would  then  attain 
its  maximum  temperature ;  a  pitch  certainly  far 
higher  than  at  present,  yet  not  incompatible  with 
the  vital  functions  of  fish,  many  of  which  accord- 
ing to  Humboldt  can  live  in  water  almost  boiling 
hot.  Desfontaines  found  the  sparus  thriving  in 
tepid  fountains  of  100°  Fahr.  near  the  town  of  Cassa 
in  the  kingdom  of  Tunis. 

From  the  extreme  mobility  of  its  molecules, 
water  is  the  most  expeditious  conveyer  of  heat 
from  below  upwards ;  while,  from  its  non-conduct- 
ing quality,  it  is  a  most  faithful  carrier,  losing  none 
of  it  during  its  ascent  Hence  any  degree  of 
warmth,  however  gentle,  imparted  to  the  bottom 
of  the  oceanic  mass,  will  be  transmitted  unim- 
paired to  the  surface.  And  again,  as  water  90s. 
sesses  a  very  high  specific  Vieat,  oTve  ?ci\«  ^\ftsa 
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greater  than  air  by  weight,  so  tliat  five  gaJlona 
of  water  in  cooling  only  one  degree  V.  can  warm 
by  the  same  quantity  2(350  cubic  feet  of  air,  being 
the  contents  of  a  chamber  about  16  feet  square  and 
10^  feet  high  ;  we  sec  what  a  genial  climate  would 
be  created  over  the  earth  from  pole  to  pole,  under 
such  an  order  of  things.  Then  the  intrinsic  source 
of  terrestrial  heat,  having  its  diffusive  energy  but 
slightly  obstnicted,  would  be  paramount  over  the 
solar ;  so  tliat  the  position  of  the  sun,  relative  to 
tlie  equator,  would  act  a  very  subordinate  part  in 
modifying  climate,  instead  of  being  its  sovereign 
arbiter,  as  at  the  present  day.  Plants  which  love 
a  warm  but  humid  atmosphere,  like  the  equisetums, 
ferns,  &c.  would  multiply  and  flourish  under  such 
circumstances  with  nearly  equal  vigour  in  the 
Arctic  Regions,  as  under  the  Line.  Hence  also  the 
difference  of  equatorial  and  polar  temperatures 
would  be  at  first  comparatively  small,  so  that  a  con- 
siderable uniformity  of  vegetation  would  pervade 
the  most  distant  zones.  We  need  not,  therefore,  be 
surprised  at  finding  the  same  Catamites  or  gigantic 
equisetums  buried  among  the  coal-measures  of  New 
Holland  (near  Port  Jackson),  and  of  England ; 
though  nowadays,  that  plants  are  subjugated  to  the 
undivided  empire  of  the  sun,  they  differ  in  species 
with  very  moderate  variations  of  latitude;  and 
with  every  chaige  of  hemisphere. 

The  first  age  of  the  world  then,  extending  prob- 
.  ably  through  several  centuries,  fully  realized  the 
universal  and  unfading  spring  of  the  poets.  Under 
such  fostering  powers  of  vegetation,  the  coal-mea- 
sure plants  were  matuted,  m  couoAess  w.-^'™^*. 
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with  a  rapidity  to  which  modern  experience  can  fur- 
nish  no  parallel.  But  the  tremendous  catastrophe^ 
of  the  crust  of  the  earth,  that  took  place  soon  after 
this  period,  of  which  the  dislocations  and  disrup- 
tions of  the  cod-strata  themselves  exhibit  magnifi- 
cent memorials,  generated  a  vast  quantity  of  detri- 
tus from  the  older  rocks,  which  at  first  diffused 
through  a  turbid  ocean,  progressively  subsided  on 
its  bottom  in  the  cliemical  order  of  deposition ; 
constituting  beds  of  conglomerate  limestone,  red 
marl,  and  lias ;  in  variable  proportions  of  thickness 
and  extent  according  to  the  nature  of  the  exploded 
and  comminuted  rocks.  In  the  secondary  forma- 
tions of  Geology,  in  fact,  we  see  nothing  but  a 
repetition  of  mineral  triads  ;  shells  more  or  less 
fractured,  covered  with  a  twofold  coat,  the  under- 
most  of  sand  or  sandstone,  the  uppermost  of  clay 
more  or  less  indurated.  The  tepid  ocean-bed  vied  in 
fecundity  with  the  glowing  soil  round  its  shores, 
and  thus  was  covered  with  a  thick  deposit  of  shell- 
fish and  their  exuviae.  At  each  rencounter  of  the 
water  and  subjacent  explosive  metals,  these  shells 
would  be  more  or  less  scattered  and  broken  down, 
and  when  tranquillity  returned,  covered  with  their 
siliceous  and  argillaceous  mantles. 

The  conglomerate  limestone,  and  red  marl,  are 
referred  by  geologists  (see  Conybeare  and  Phillips) 
to  the  detritus  of  the  primitive  and  transition 
rocks ;  deposits  just  posterior  to  the  cqal  forma- 
tion. It  is  probable  that  the  submarine  disturb- 
ances of  that  particular  age  were  unfavourable  to 
the  multiplication  of  mollusca.  But  a  period  of 
repose  seems  to  have  fonovred  iiv  n»\vvc\\  \!ft^  ^^5«. 
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<rf'  the  lias  were  elaborated.  These,  with  a  little 
alumina,  arc  condensed  into  the  litliograpliic  stone, 
and  buried  under  a  loamy  compound  of  sand  and 
1  clay.  We  have  next  the  inferior  ooHte  j  merely  a 
■congeries  of  pulverised  shells-,  roofed  with  the  com- 
'  bmsh,  &c.,  and  overlaid  with  Uie  Oxford  clay.  Then 
^■We  come  to  tlie  Coral  Rag  teeming  with  vestiges  of 
vitality ;  inhumed  also  beneatli  its  sheet  of  Kim- 
meridge  clay. 

Wlien  we  arrive  at  the  Portland  strata,  we  must 
consider  that  a  series  of  most  imperfect  conductors 
of  caloric,  fully  half  a  mile  in  thickness,  had  been 
by  this  time  interposed  between  the  bottom  waters 
of  the  sea,  and  the  deeper  primitive  or  transition 
crust,  on  which  they  originally  reposed." 

'  The  i^gregate  thickness  of  the  supennedial  and  superior  tniDenl 
strata  of  England,  maj  be  safe);  estimated  at  about  a  mile.  He  fU- 
lowing  table  is  com^uled  &om  authentic  documents. 

HcAA  thickiMfli. 

ConglcnnerBtc  limestone  (Derbyshire),     .  .  300  Feet. 

Red  marl, 500 

Lias, 500 

Inferior  oolite,        .......  400 

Combrash  including  great  oolite,    ....  ZM 

Oxford  day, 500 

Coral  rag 150 

Kimmeridge  clay, 150 

8750 

Portland  beds, 180 

Purbeckbeds 250 

Iron  sand 500 

Weald  clay,  .        ■ 150 

Oreen  sand, 30  ?  , 

Chalk  marl; 300 

Chalk, BOO 

Plastic  day, 100 

London  day, -        .  800 
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The  climate  of  the  earth  should  therefore  indi- 
cate about  the  Portland  era,  an  abatement  of  the 
hypertropical  temperature  of  the  first  age.  "  The 
cycadenoideffi"  (fossil  plants  akin  to  the  cycas  family 
of  Malabar,  &c.)  "says  the  Rev.  Dr.  Buckland,  ren- 
der it  probable  that  the  climate  of  these  regions,  at 
the  time  when  the  oolites  were  deposited,  was  of 
the  same  warm  temperature  with  that  which  pro- 
duces a  large  proportion  of  the  existing  cycadeffi. 
M.  Adolphe  Brogniart  is  also  of  opinion  that  it 
exceeded  the  temperature  of  our  modern  tropics  at 
a  still  more  early  period,  when  it  maintained  the 
extraordinary  vegetation  of  the  great  coal  forma- 
tion J  and  that  it  was  less  than  tropical,  though 
warmer  than  it  is  at  present,  in  the  period  to  which 
we  owe  our  tertiary  strata.  To  this  theory  I  see 
much  reason  to  incline,  and  confidently  look  forward 
to  its  future  development  in  the  examination  of  the 
Flora  of  the  fossil  -world,  which  he  is  now  so  actively 
conducting."  • 

Our  principles  lead  irresistibly  to  the  same  con- 
clusion, for  posterior  to  the  Portland  epocha,  suc- 
cessive submarine  catastrophes  of  greater  or  less 
extent,  caused  those  successive  disturbances  of  the 
waters,  from  which  the  supeijacent  beds  of  the  iron 
sand,  Weald  clay,  &c.,  were  deposited  up  to  the 

I  am  well  awue  that  each  of  the  preceding  beds  does  not  iilws)«  lie 
with  all  its  mass  directly  above  those  which  precede  it  in  the  list;  but 
that  they  thin  off,  and  wear  out  in  various  directions;  yet  still  the 
Arerage  thickness  remains  substantially  correct,  in  consequence  of 
mutual  compensa^ons  among  the  different  strata.  The  argument  in  the 
text  depends  on  no  such  mbudK  of  measurenient. — See  Congieatv  aad 
PlaUipt  pattim. 

•  Geol.  Trani.  2d  S«ri«,M  foLv  «tl. 
2i 
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tertiary  tbrmationa ;  the  fref^water  portions  of" 
whicii  were  evidently  connected  witli  the  copious 
emission  oi"  hot  spi'ings.  The  temperature  of  the 
suriace  In  these  high  latitudes  of  ours,  was  stUl 
genial,  though  reduced  by  the  progressive  operation 
of'  the  causes  already  named,  and  others  to  be  pre- 
lently  described.  Finally  tlie  great  turmoil  of  the 
Noachiau  deluge,  placed  the  terraqueous  equili' 
briuii)  on  a  more  stable  baus  ;  introducing  at  the 
same  time  a  lower  btlt  more  regular  and  settled 
scale  of  temperature. 

We  have  hitherto  confined  our  views  to  thepro- 
^ea^ve  interception  of  the  subjacent  beat  from  the 
ocean,  and  thereby  from  the  surface  of  the  earth  in 
proportion  as  tlie  secondary  deposits  were  thick- 
ened afler  each  convulsive  catastrophe.  But  other 
considerations  must  now  be  introduced.  While 
the  series  of  deposits,  impervious  to  water,*  were 
consolidating  in  alternate  beds,  and  separating  the 
ocean,  further  and  further  from  the  primordial 
envelope  of  the  interior  fires,  a  great  mechanical 
change  was  simultaneously  taking  place  on  the  ter- 
laqueous  constitution,  whose  influence  in  refrigerat- 
ing climate  merits  deliberate  research.  We  cannot 
however  consider  this  change  as  uniform  in  its 
march ;  but  as  advancing  by  silccessive  catastxo- 
phes  at  distant  intervals.  It  is  of  the  nature  of 
vtdcanic  action  to  intermit  and  return  in  temporary 
crises,  t    Such  periods  of  violence  and  repose,  cor- 


•  See  pages  808,  252, 263,  265,  270,  &c-,  for  noticea  of  the  reteativs 
UnU  ID  Euglood,  which  intercept  Ae  percolating  waters.  Bad  tbrow  out 
tJie  springs  at  successive  levels. 

f  Volcanoes  da  aot  laace  out  ^etpetaa)>  %m,waT  ^\»ku  «lva;B 
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respond  to,  and  tore  pfetureid  in,  the  ^temgte  strdta 
of  reeky  detritus,  and  of  organic  exuvise,  which 
ccnnpoae  the  masonty  of  secondary  forttiations. 

Each  crisis  of  chemical  de{>osit,  and  mechanic^} 
traasformation,  would  occasion  a  sudden  and  very 
considerable  srf)atfiftient  of  terrestrial  temperatut^. 
Bat  we  mnst  present  this  important  subje<rt  in  a 
systematic  form. 

The  facta  related  in  the  preceding  chapters  of 
this'  work  seem  fully  adequate  to  esta:blish  th«  four 
following  propositions  am  sure  grounds. 

1.  That  a.  great  portion  of  the  present  dry  lands, 
more  particolarly  the  secondary  strata  which  atti 
refrfete  with  sea  shells  of  the  most  delicate  texture, 
distributed  entire  m  regular  beds^  have  kin  for  a 
long  period  at  the  bottom  of  the  primeval  ocean. 

*.  Th^  within  the  schistose  crust  of  the  globe, 
explosive  materials  exist,  which  have  given  evidence 
of  their  convulsive  and  disruptive  powers  in  all  ittr 
terraqneouB  regions  a«d  in  every  age  of  the  VrorM 
from  the  protrusion  of  the  primordial  dry  land,  tJAi 
the  present  day. 

S-.  That  the  oceian  at  whose  bottom  many  of  oi# 
present  earthy  strata  were  deposited^  has  not  been' 
lessened  by  dissipation  of  its  waters  into  oeles^ 

flow  from  tfiem ;  but  they  reniBui  for  naDj  ceotaries  inactive,  aod'aa  it 
Were  aaleep.  Vesuvius  bad  lain  exdtict  from  tloie  inuoebioriU,  whctt 
•tarting  all  atooce  from  it>loog1ethai^,  it  Suddenly  rekindled  its  fire^' 
under  the  rdgn  of  Titus,  and  buried  the  cities  of  Pompeii,  Herculaneuni, 
and'  Stabiip  under  iti  ejected  products.  It  began  to  shnnber  once  more 
at  the  end  of  the  15th  century ;-  so  that  in  1^30,  when  it-  ramuned  an 
active  state,  it»  nimmit  wm  itihtf>ited,  and  oovend  Kith  ujadalwf 
fbreits. — The  inhabitants  of  Catania  treated  u  fabuloua  what  U0ar^ 
related  of  the  eruptiona  of  Etna,  when  tbeir  dty  wea  rvn^A,  wiAl<{p^ 
&0>  detlrofBd  by  the  fires  of  ftb  tAIoUw.—B^  kAwtM^'tA.  i.'^.<«S^ 
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tiaJ  space,  or  by  their  absorption  into  the  bowels  of 
the  earth. 

4.  That,  therefore,  its  channel  must  have  been 
changed  by  transference  of,  a  great  portion  at  least, 
of  its  waters  from  their  ancient  to  their  present 
basin  ;  an  effect  referrible  to  volcanic  agency,  which 
has  operated  by  sinking  the  old  lands,  and  upheav- 
ing the  new. 

This  transflux  of  the  ocean  mass  could  not  be 
effected  unquestionably,  without  the  most  violent 
fractures  and  dislocations  of  tlie  terrestrial  crust.  Of 
the  disorders  and  even  metamorphoses  of  the  earth's 
surface,  coiocident  with  these  great  changes  of  the 
sea-  channel,  geology  furnishes  innumerable  proofs, 
in  mountain,  valley,  and  plain.  Many  of  these 
eruptive  phenomena,  indicate  a  succession  of  catas- 
trophes— an  alternation  of  marine  and  freshwater 
floods,  over  no  inconsiderable  districts  of  the  globe, 
at  a  period  anterior  to  the  penal  cataclysm  describe 
ed  by  Moses ;  the  last  and  greatest  of  that  convul- 
sive series.  This  flood  was  not  partial  like  its 
predecessors,  which  left  the  contemporaneous  breeds 
of  animals  ^ve,  to  be  inhumed  in  the  superior 
beds;  it  was  manifestly  universal,  since  all  the  ani- 
mal remains  buried  in  its  detritus,  belong  to  species 
now  extinct,  which,  however  closely  allied  to  our 
existing  genera,  left  no  posterity  on  the  earth.  As 
we  rise  in  the  order  of  mineral  superposition,  or 
advance  in  geological  time,  we  perceive  a  progres- 
sive approximation  in  the  crasis,  so  to  speak,  as 
well  as  in  the  productions  of  the  earth,  to  its  modem 
condition  in  these  respects.  Thus  in  the  lias  and 
o<dites,  even  up  to  the  c\va\k>  cverj  'Okov^  ot^mvIc; 
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^eaks  plainly  of  a  fervid  climate,  actuating  botif 
the  land  and  waters,  of  these  high  latitudes  of  ours. 
But  the  tertiary  strata  of  England  and  France  bear 
record  to  a  marked  abatement  of  heat,  some  time 
prior  to  the  deluge.  The  organic  exuviae  which 
they  contain,  belong  to  a  genial  indeed,  but  not  a 
torrid  zone.  In  addition  to  the  results  of  the  suc- 
cessive interpositions  of  non-conducting  media, 
between  the  ocean  and  its  subjacent  fires,  in  low- 
ering the  surface  temperature  of  the  globe,  we  must 
take  the  following  phenomena  into  account.'  By 
each  series  of  explosive  dislocations  of  the  terrestrial 
crust,  the  area  of  the  "  land  standing  out  of  the 
water"  would  be  abridged,  that  of  the  sea  would 
be  amplified,  with  a  proportionate  diminutiou  of  its 
depth ;  or  in  other  words,  the  cooling  surface 
would  be  augmented,  at  the  expense  of  the  heating 
surface,  while  the  ocean  would  come  to  repose  as 
we  have  seen  on  a  cooler  bed,  because  more  distant 
from  the  central  heat  of  the  earth.  These  proposi- 
tions we  shall  endeavour  to  place  in  a  clear  and 
cerkun  light  by  an  ample  induction  of  facts. 

In  a  revolving  terraqueous  sphere,  deviating 
from  the  equilibrium  form  of  rotation,  by  its  ele- 
vated lands  and  deep  ocean  beds,  at  every  consid- 
erable disruption  and  comminution  of  its  surface, 
the  gravitating  powers  will  become  emotive  on  the 
shattered  shell,  and  arrange  its  fragments,  so  as  to 
make  the  crust  approximate  more  nearly  to  the 
geometrical  spheroid.  The  mountain  and  table- 
land masses  will  thus  be  strewn  over  the  concave 
bottom  of  the  seas,  and  cause  a  new  diaXnWViuaw  oii. 
the  waters  round  the  sphere  \  in  vj\\\c\v  ii!nfc  mea.  «S 
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the  dry  land  will  be  diminished  proportionally  to 
the  extent  and  duration  of  the  disruptions. 

Supposing  the  earthquakes  and  consequent  com- 
minution of  the  shell,  not  partial  and  successive, 
but  universal  and  synchronous,  then  the  whole  cruat 
of  the  earth  having  its  cohesion  destroyed,  for  a 
season,  would  forthwith  obey  the  gravitating  forces 
on  a  revolving  sphere,  would  assume  the  spheroidal 
figure  of  rotation,  and  remain  universally  circum- 
fiiscd  with  water,  as  under  the  primordial  abyss. 
But  a  partial  and  successive  series  of  disi~uptions  of 
the  crust,  will  cause  only  a  partial  approximation 
to  that  ultimate  figure,  accompanied  with  a  tran- 
sient deluge  of  greater  or  leas  extent  over  the 
surlBce.  When  the  .explosive  commotions  ©ease, 
the  ocean  undulations  will  subside,  the  sea,  wUl 
flow  back  into  larger  but  sh^lower  ba&ias.  and  the 
dfy  laud  will  i^ain  appear,  furrowed,  and  strewed 
over  with  the  detritus  of  the  storm.  This  view  of 
a  diluvial  transition,  in  nay  apprehension,  cai^  fa  vdly 
be  d^enied  hypothetical,  resting  as  it  does  on  the 
joint  bases  of  geological  facts  and  physical  taws. 

The  change  in  Uw  globular  figure,  a^d  terra- 
queous distributiori,  r^sultiug  from  the  fractured 
strata,  m^  be  illustrated  by  a  sujuple  experiment. 
If  we  bold,  a  powerful  magnet,  a  little  way  above  a 
surface  of  iron  filiogs,  strewed  upon  a  table,  po; 
change  will  ensue,  because  the  iriction  between  the 
solid  pUp^  and  the  part;i|cles,  is  equivalent  to  a, 
cohesive  ^rce,.  and  prevents  them  from  obeying- 
thjB  m^gnetical  attraction.  But  if  we  momentarily- 
st;sp^ifl4  the  cougftteTactijag  forq^  of  friction  by 
<^^4Wg  thje  taye  tQ  vftus^Ae  ViAv  sft(W«sK«e  Vwi^h*,. 
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then  the  magnetical  attraction  will  become  effective, 
and  the  iron  filings  will  arrange  themselves  in 
beautiful  curves,  accordant  with  the  known  laws  of 
magnetism.  In  like  manner  the  partial  disruptions 
and  tremors  of  the  terrestrial  strata,  during  its 
transition  diluvial  state,  would  permit  a  corre- 
sponding portion  of  its  shattered  surface  to  arrange 
itself,  conformably  to  the  centripetal  and  centrifugal 
powers  under  which  it  revolves,  and  cause  a  partial 
i^>proximation  in  its  figure,  to  the  oblate  spheroid 
cf  rotation. 

Indeed,  without  reference  to  any  refined  physical 
hiWy  every  one  will  see  how  in  a  bouleversement  of 
mountain  land,  standing  out  of  water,  the  debris 
would  be  distributed  over  the  bottom,  so  as  to  spread 
the  waters  more  widely.  In  considering  the  causes 
of  these  mighty  revolutions,  which  have  subverted 
the  outer  frame  work  of  the  ancient  world,  and 
which  seem  to  have  occasioned  many  unrecorded 
inundations,  before  the  universal  deluge,  we  must 
be  careful  to  distinguish  between  the  efiect  of  a 
moderate  expansive  force  acting  within  the  crust  of 
the  earth,  and  that  of  a  very  great  one ;  the  former, 
like  the  late  earthquakes  in  Chili  to  be  presently 
described,  sufficing  merely  to  raise  in  an  unbroken 
plain  a  large  tract  of  land,  while  the  latter  would 
shatter  the  shell  into  fragments,  and  lay  them  pros- 
trate under  the  equilibrating  powers  of  gravitation 
in  a  revolving  sphere.  Thus  to  compare  great 
things  with  small,  a  moderate  blast  of  gunpowder, 
under  a  stratum  of  freestone,  in  a  cliff,  will  be 
adequate  merely  to  lift  it  along  with  its  sui^er|8Lceat 
aoil}  but  a  greatex  explosiofi  NfiSi  X^icesiiL  '^  vdX» 
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pieces,  and  strew  tfae  detritus  over  the  surrounding 
planes  and  hollows.  A  {^v/  masses  may,  no  doubt, 
be  tossed  up  to  great  heights ;  but  the  general 
eft'ect  will  be  a  levelling  one  ;  as  is  amply  illustrated 
in  the  mining  operations  of  a  siege,  where  the  mas- 
aive  ramparts  of  masonry  are  scattered  along  the 
bottom  of  the  fosse.  We  have  tlierefore  every 
physical  reason  to  conclude  that  each  great  ante- 
diluvian convulsion  of  the  earth  extended  tJie 
empire  of  the  sea,  and  abridged  the  boundaries  of 
the  land  by  a  permanent  submersion  of  some  of  its 
regions  ;  mechanical  effects  involving  commensurate 
physical  changes  of  climate ;  1.  by  the  thickening 
deposits  of  the  ocean ;  2.  by  tlie  increase  of  the 
cooling  or  aqueous  surface  of  the  globe ;  and  3. 
by  the  decrease  of  the  beating  or  terrene,  as  will  be 
fully  developed  in  treating  of  the  deluge  in  the 
fifth  chapter. 

We  shall  now  present  a. somewhat  detailed  view 
of  the  facts  illustrative  of  the  constitution  of  the 
antediluvian  world,  as  an  abode  of  vegetable  and 
animal  beings ;  or  the  physical  records  of  the  high 
temperature  which  anciently  prevailed ;  and  to 
which,  at  the  different  crises  of  its  scale,  different 
genera  and  species  of  organic  forms  are  seen  to 
correspond. 

M.  Adolphe  Brogniart,  in  his  treatise  on  the 
classification  and  distribution  of  fossil  plants,  comes 
to  the  following  geological  conclusions.  1.  That 
in  the  formations  of  coal  and  anthracite,  the  vege- 
tables are  almost  all  cryptogamia  of  the  monocoty- 
ledinous  tribe,  such  as  filices  (ferns),  equisetums, 
Jlycopodiums,  marsilea,  itc,  \ivA.  tiae  lotmei  xXvtcft, 
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families  included  arborescent  species,  which  no 
longer  exist,  except  in  the  first.  He  therefore 
doubts  the  presence  of  palms  in  these  strata.  3. 
That  few  vegetable  remains  are  to  be  found  in  the 
great  interval  which  separates  these  beds  from  .the 
upper  deposits,  and  that  those  which  do  occur 
belong  almost  wholly  to  marine  plants,  or  to  dicoty- 
ledinous  trees,  which  appear  to  have  been  trans- 
ported thither  by  inundations,  ft.  That  in  the 
higher  strata,  a  great  variety  of  fossil  vegetables 
exist,  which  for  the  most  part  appear  to  belong  to 
similar  kinds  of  plants,  if  not  in  species,  at  least  in 
genera,  to  vegetables  which  still  inhabit  the  hottest 
regions  of  the  earth,  nor  is  it  probable  that  they 
have  been  transported  to  our  colder  ones,  since  there 
are  sometimes  found,  as  in  the  lignite  of  Cologne, 
trunks  of  palm  trees  in  a  vertical  position. 

Hitherto  the  chalk,  and  the  calcareous  Jura  for- 
mations, have  not  afforded  any  determinable  fossil 
plant  A  lycopodite  has  been  found  in  oolite  neat 
Oxford ;  but  in  the  Alpine  limestone  we  have  the 
wood  of  dicotyledinous  trees,  converted  into  lig- 
nite. In  the  copper  mines  of  Ecaterinbourg,  which 
correspond  in  locality  to  the  coal  formation,  there 
occur  very  curious  specimens  of  the  fossil  stems 
of  calamites  and  stigmaria,  enveloped  in  carbonate 
of  copper. 

Vegetable  impressions  from  the  coal  strata  of 
North  America,  New  Holland  (Port  Jackson),  and 
various  places  in  Europe,  show  an  analogy  between 
the  plants  of  all  the  coal  measures,  whatever  dis- 
tances may  exist  between  them  in  the  fE«aen&^<ab&« 
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Tlie  figure  on  the 
margin,  exhibits  a 
fossil  impression  of  a 
speciea  of  polypo- 
dium  in  slate  clay 
(shalc')from  the  coal- 
measures  of  Lanca- 
sliire ;  considered  by 
Sir  James  Edward 
Smith  to  be  the  pro- 
I  duction  of  a  tropical 
climate. 

"  TTius,"  in  a  recent  work  of  M.  Adolpfae 
Brogniart,  he  says,  "  every  fact  observed  since  the 
publication  of  my  first  essay,  on  the  classification 
of  fossil  vegetables,  appears  to  me  to  confirm  the 
opinion  that  I  then  threw  out,  of  the  analogy  of 
the  Calamites  and  Equisetums,  an  analogy  since 
recognised  by  Sternberg  and  Bischof.  The  geolo- 
gical distribution  of  the  species  of  this  family  obri. 
ously  presents  a  successive  suite  of  characters,  from 
those  belcmging  to  the  species  found  in  the  more 
ancient  formations  to  those  belonging  to  our  exist- 
ing species," 

In  the  coal-measures  and  beds  of  anthracite  of 
the  Alps,  the  Vosges,  NiHth  America,  and  even 
India,  we  find  everywhere  true  calamites,  display. 
ii^  all  the  characters  which  distinguish  tiving 
Equisetums,  and  remarkable  for  their  great  size. 
In  the  more  recent  formations,  we  no  longer  ob- 
serve these  calamites,  but  genuine  equisetums, 
presenting  every  chaiactAi  of  tliia  family.     The 
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most  ancient  species,  however,  which  occurs  in 
great  abundance  and  in  very  good  condition  in  the. 
sandstone  accompanying  the  lignites  on  the  coast 
of  Yorkshire,  near  Whitby  (in  a  formation  equiva- 
lent to  the  lower  beds  of  oolite),  di%rs  from  all  our 
living  equisetums,  in  having  a  far  taller  and  Uiicker 
stem,  and  possessing  several  other  characters  of  less 
consequence,  which  give  it  a  peculiar  aspect.  It 
is,  however,  merely  a  gigantic  equisetum. 

In  the  tertiary  formations,  on  the  ctHitraiy,  the 
traces  which  have  been  discovered  of  this  genus, 
indicate  plants  similar  in  almost  every  respect,  to 
those  now  growing  on  the  surface  of  the  earth. 

We  perceive,  then,  that  in  proportion  as  the 
fossils  of  this  family  belong  to  more  ancient  strata^ 
they  recede  io  their  essential  characters^  from  the 
living  vegetables  of  the  same  family ;  being  dis- 
tinguished aiso  by  size,  which  becomes  more  con- 
siderable as  the  epoch  of  their  interment  is  mofe 
Temote. 

The  remarkable  development  of  these  v^e- 
tabiea  during  the  fiirst  (or  coal-measure)  period  of 
vegetation,  and  their  size  in  the  second  (or  oolitic} 
period,  smaller  than  before,  but  stiU  far  greater  thaa 
our  existing  equisetoios,  accord  with  many  okber 
facte,  furnished  by  fossil  vegetables  oi  other  haa- 
lies,  to  lead  us  to  r^ard  the  climate  of  the  earUk, 
at  these  remote  epochaa^  to-  have  been  hotter,  then 
the  hottest  of  modem  dimates ;  for  we  haver  al- 
ready remarked  tha()  the  size  of  the  living  equise- 
tums increases  progtesstvely  from  the  pole,  to  the 
equator ;  but  evea  her^  never  approacheai  tfct 
msgnitude  of  several  species  «£  csi3Sia.\e&.     "^V^. 
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almost  constant  habitat  of  the  vegetables  of  this 
family  in  moist  and  boggy  places  (as  in  peat 
mosses),  is  also  a  circumstance  which  ought  to  be 
particularly  borne  in  mind,  as  it  concurs  with  many 
others,  to  give  us  just  \-iews  of  the  mode  of  forma- 
tion of  the  coal-measures. 

Finally  the  perpendicular  posture  of  the  trunks 
of  the  Calam'rtes  pachyderma  in  the  coal-sandstone 
of  LSaint  Etienne,  and  of  the  stems  of  Eguisetum 
colitmnare  in  the  strata  of  sandstone  above  the  lias 
near  Whitby,  proves  that  all  these  vegetables,  of 
entirely  different  species,  lived,  though  at  very  dif- 
ferent eras,  in  the  same  spots  in  which  we  find 
them  buried.  The  differences  which  we  observe 
in  the  vegetation  of  the  earth  in  Europe,  at  these 
different  epochas,  cannot  therefore  be  ascribed  to 
the  transport  of  these  vegetables  from  regions  more 
^Tnrr.'^^vi^  or  less  remote  from  that  which 
J  we  inhabit* 

The    figure   in    the    margin 

(  represents  the  Gafamifcj  called 

W  approximatus  by  M.  A.  Brogni- 

ti^i)  art,  on  account  of  the  proximity 

'  of  its  articulations.    It  is  found 

i  in  coal-formations  as  at  New- 

\  castle,  in  the  mines  of  Alais, 

II,  department  of  le  Gard,  and  in 

the  copper  mines  of  Ekaterine- 

bourg  in  Siberia.      Of  all  the 

plants  of  tliis  genus,  the  present 

_,^  is  certainly  the  most  distinct, 

.^^r,  (b-^iii,  ^  ^:  ^^  jj.  1^^  accordingly  been  re- 

•  Histoire  des  Vegetjuix  FosBi\e8,24'VA'rt»Mn.,\i?.\\\,\WW-\\^. 
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cognised  by  every  author  on  vegetable  fossils.* 
The  confluence  of  the  ribs,  or  vertical  lines,  is  well 
shown  about  the  middle  of  the  figure ;  as  also  the 
convex  edges  of  the  deep  furrows,  which  they  form. 
To  Dr.  Martius,  however,  the  learned  Botanical 
traveller  in  Brazil,  we  owe  the  most  detailed  infor- 
mation concerning  the  tropical  habitudes  of  the 
plants  which  now  lie  buried  in  the  coal  basins  of 
these  northern  countries.  Afler  making  a  skilful 
comparison  of  these  fossils  with  Brazilian  vegeta- 
bles, he  has  arrived  at  very  definite  results.  We 
may  see  the  type  of  some  vegetable  remains  in 
plants  which  still  inhabit  the  same  localities ;  but 
these  types  for  the  most  part,  are  found  only  in 
countries  much  hotter  than  where  their  congenera 
lie  buried ;  showing  that  the  temperature  has  been  far 
higher  in  our  latitudes  in  former  times.  It  was  with 
the  express  view  of  clearing  up  this  obscure  depart- 
ment of  Natural  Science,  that  Dr.  Martius  directed 
his  attention,  in  his  recent  journey  through  Brazil, 
towards  the  investigation  of  those  forms  of  plants 
which  might  be  considered  as  prototypes  of  the 
antediluvian  vegetables,  discovered  in  our  own 
countries ;  and  he  has  unquestionably  thrown  new 
light  on  the  nature  of  many  fossilized  plants. 

The  tree-ferru  which  conatitDle  so  beantifnl  a  feature  of  the 
tropical  regioiui,  sxhibit  sevend  clurBcterB  by  which  they  may  be 
compared  with  the  andeot  plaate  dug  up  from  oar  coal  niinea> 
When  Dr.  Martina  uw  the  fint  apecimeDB  of  Pdgpodium  ooreov- 

■  M.  Brogniart  describes  it  aa  fallows: — Calamitea  cortice  crasst, 
Uticulatioiubus  approiintBtis,  costiaque  eiteme  vii  ac  ne  rix  quidera 
dutinctis.  Articulationes,  in  caudicibua  decorticatis,  profunde  notatE, 
contractiE ;  costs  ccHiveste,  Bspe  confluentea  stAcia  9t«Svi'ct$>&  fiu.'«c«X'K\ 


^F     adenie,  m> 
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adtmt,  M>  renarkible  for  tl>e  Mteelated  watfa/et,  of  lU  candee,  he 
Iras  Hlruck  oat  only  wiUi  tlie  nnvelty  of  the  clrcumatancei  bat 
immeiliately  called  to  taind  ilie  figures  of  certain  petriGeil  forms 
deiwribet]  by  Sternberg,  under  the  name  of  Zepiilorletulrou ;  on 
comparing  wliieh,  aftir  he  relumed,  with  the  stems  of  eight  arfxj- 
renceiit  ipecics  collected  in  his  joamey,  he  found  then  coitnecteii 
by  flo  intimate  an  aflinity,  that  he  coul<l  entertain  no  doubts  of 
their  generic  ideality,  and  wa«  convinced  ia  fact  that  their  clia- 
niclera  were  perfectly  accordant. 

In  their  mode  of  growth  the  tree  fema  are  very  Rimilar  Ur 
palms,  the  ever^frecn  stem  of  which  throws  off  the  (ronds,  which 
mre  inserted  into  ihe  hark,  in  the  space  of  about  three  yearn,  and 
m  then  marked  with  tranxrem  rings,  from  the  insertion  of  tile 
base  of  ihe  petiols ;  they  illftVr  however  from  pulms  in  tbi»  rpKpect, 
that  u  the  bMe  of  die  petiols  ia  not  Bin[riexiesul  (enbracing  the 
stem),  the  frooda  on  falling  do  not  leave  annular  cicatnces,  bnt  of 
TwioMS  forms  according  to  the  hue  of  the  stipet. 

It  ia  properly  renfirked  by  Rhode,  m  bis  treatise  on  the  snWifi- 
Invian  genera  of  plants,  that  tbey  occor  in  «nr  cosl  mima  ia  ibnr 
different  conditions.  Some  consist  of  vegetables  Gonrerted  inta 
carbonaceona  clay,  and  still  invested  with  their  bark  reduced  to 
Uie  state  of  charcoal ;  others  exhibit  impressions  'of  the  same 
plant,  with  the  surface  entire,  npon  clay,  slate,  or  sandstone ; 
«d>en  are  decn^cated  vtgetablM  themselves ;  and  lastly  othem 
•K  iMpreaaions  of  tbese  decorlicsted  plsnts.  Before  enmimg  n 
way  eonclnsion  therefore  with  regard  to  a  petrified  fern,  in  ofder 
to  determine  to  what  sort  of -cast  or  petrifaction  the  specimen 
nnder  examination  is  to  be  referred,  it  is  necessary  for  this  purpose 
tSat  the  chaiscters  which  we  derive  from  the  entire  spedmen  only, 
and  not  from  its  impression,  be  property  imiterstood,  and  cWy 
applied. 

The  PiUeiUt  quadrangutatia,  called  patmaeiiet^fvadranffvlalm 
hj  Schlotheim,  PI.  18.  fig.  1,  •ccnia  in  the  older  eoal  formation,  at 
the  eoal  miDe»  of  Opperadai  i»  the  dnkedoni  of  Anbalt^  and  of 
Manebach  in  the  dukedom  of  Gotbe.  It  corresponds  with  tbe 
■tem  of  PiJj/podktm  eorcovaderue  fignred  by  Nan,  pi.  3. 

AlAongh  we  can  say  nothing  ivith  certainty  as  to  the  number  of 

Wpeelea  irbich  may  have  existed  of  the  diflerent  genera  of  ferns,  we 

s  yet  anthoriied  by  many  (»TcanuUntxs  V>  \vSei  Coax  -^  4iKi«jk 
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foTMta  of  the  primitiTe  worbl,  afterwtrda  <]e*troyed  hj  vtrioiu 
caUstrophea  aad  reduced  to  coftl,  have  been  very  abundantly  Htoclced 
with  fenu.  Nor  is  the  bypotbeais  founded  upon  leas  powerfnl  and 
plauaible  ai^menta  wbicb  ranka  tbe  geaera  of  thu  order  of  plants 
as  among  ^e  predominant  vegetation  of  tboee  prinieTal  lands,  aioce 
they  TToald  prepare  the  soil  for  the  growth  of  other  tribe*  spring- 
ing op  from  their  mould,  a  circnrantance  noticed  by  Linnnns.  It 
iH  not  meant  howerer  to  assert  that  those  primitire  forests  consisted 
chiefly  of  ferns ;  for  the  woods  of  the  equinoctial  reg^us,  which 
are  pre-eminently  rich  in  ferns,  consist  of  trees  much  more  robust 
than  the  fenu  which  occupy  only  a  secondary  rank  in  them.  In 
like  manner  we  learn  from  a  comparison  of  tbe  varioua  specie*  of 
fossil  plants,  that  in  the  antediluvian  woods,  the  fern  stems  were 
interepersed  with  much  larger  ireea,  and  on  tbe  general  destruction 
of  the  foreets,  have  been  converted  together  with  variona  kinds  of 
herbaceona  plants,  into  coal,  now  consiitudng  thinner  strata  among 
the  carbonaceana  remains  of  other  trees.  Tbua  it  is  aacertalned 
that  many  fossil  plants  described  by  author*  under  (be  name  of 
Foadtes  (Grata-stones)  belong  to  the  genua  Seleria ;  others  to 
other  genera  of  Grarainese  and  Scitaminee,  occurring  in  the  woods 
of  tropical  countries. 

Almost  all  antbors  agree  in  representing  tbe  family  of  paiau 
aa  baring  existed  among  tbe  first  vegetables,  and  as  being  fre- 
quently fonnd  buried  along  with  the  other  fosail  remaina.  Nor  ia 
it  to  be  doubted,  saya  Martina,  that  their  remains,  viz.  the  stems, 
fronds,  and  fmita  occur  in  tbe  older  coal  formarioo,  although  they 
are  much  less  frequent  than  is  commonly  believed,  the  arboreaceot 
ferns  baring  been  frequently  taken  for  tbem.  A  fragment  of  stem 
represented  by  Count  Sternberg  PI.  5,  fig.  1.  exhibits  the  very 
peculiar  structure  of  palm  wood ;  and  tbe  fruits  depicted  (here,  PI. 
7.  fig.  12,  seem  to  belong  to  a  apeaes  of  cocoe  or  areca,  ahmba  of 
tropical  countries.  But  that  later  cataatropfaea  have  overwhelmed' 
great  multitudes  of  palms,  is  proved  both  by  tbe  petrified  woodSf 
occellated  with  fasucnli  of  fibres,  and  very  easily  distinguishable 
by  them,  frequently  observed  in  the  East  Indies  and  in  Europe, 
and  which  Dr.  Martins  baa  also  seen  iu  Brazil ;  and  by  the  variona 
irapreaaions  of  fronda  in  calcareoua  acbiatug  found  in  different  placet 
in  tbe  Tyrol,  the  south  of  France,  and  other  conntriea  in  tbe  viciaitif 
of  the  sea,  aa  well  as  in  the  continuit  of  Gcnnau'j.    ^«\Aft\\t.>sk 


I 


I 


448       BOOK  lll.-CnAP.  III.-PRIMEVAL  CLIMATE. 

eollet^tion  on  excellent  npecimen  of  thU  periix),  fi>nnil  in  t)ie  mod- 
•Mmp  quarries  near  Hoxbipolis,  Iwing  a  piece  of  stem  nearly  a  foot 
long,  market!  with  three  uinuli  produced  by  the  fall  of  the  IroDds, 
anil  with  the  tabercles  srisina;  from  the  aolutiori  of  llie  fasciculi  of 
Kpiral  vessels.  The  palmaciUs  obmlctaa  of  Schtotheim,  PI.  16. 
fin.  S,  and  pa/maciles  aimuliUuM  of  the  same  author,  fift>  b,  aj^ree 
in  many  of  their  characters  with  »tems  uf  palms,  and  the  latter 
from  its  umlK>iiate  impretHiuna  arrangrd  in  rows  alternating  with 
tmn<-Ti>nie  atriEe  or  nnnuli,  sKtMun  to  helon;;  to  ihe  aculeate  palnu. 

Various  genera  of  arborescent  t/rutses,  allied  to  Bainbvsia, 

Beeiu  tu  have  been  much  more  freqnent  than  ptihna  in  our  anted!- 
hivinn  plains.  To  these  fossil  plants  the  older  writers  applied  the 
name  of  CalamtUi.  Dr.  Manius  calls  them  Banibufiles  or  fottil 
Sinnboos  ;  i\ow  referred  to  Eijuiwiunis  by  M.  A.  Hrogniart. 
The  Caeiphorm,  DrttetBiue,  Pandani,  Yucca  and  VeUotia,  caoatitute 
another  tropical  series  allied  to  the  palms,  which  also  make  their 
appearance  among  our  primeral  plants.  The  marks  by  which 
they  may  be  diatin^ished,  are  chiefly  connected  with  the  circum- 
stance, that  the  stems  are  invested  all  around  with  the  seini-am- 
plexicsal  base  of  the  leaves  which  reroains  after  the  upper  parts 
have  fallen  off,  and  hence  resemble  a  sucface  covered  with  imbri- 
ctte  scales,  spirally  arran^d  in  various  ways,  according  to  the 
varioaa  disposition  of  the  leares.  It  appears  that  these  scales  being 
imbricated  upwards  are  not  distinct  from  each  other  in  their  whole 
extent,  and  therefore  may  easily  be  distinguished  from  the  scale* 
of  Filicites,  so  called,  'niree  species  of  tlie  genus  Ynccitea  have  bed 
dug  np  from  the  coal  mines  of  St.  Imbert,  which  are  remarkable  for 

die  atill  pereistent  coTering  of  scales  reduced  to  carbon. 

Tilers  exist  in  onrcoal  mines  snfliciently  numerous  examples  of  petri- 
fied forms,  frequently  several  feet  long,  remarkable  fer  tubercles  or 
pol^onal  impressions  distinct  from  each  other,  and  longitudinally 
disposed  in  straight  lines,  separated  by  parallel  grooves  or  ridgea, 
and  marked  with  a  simple  cicatrix  impresseil  in  the  specimen  itself, 
opon  the  carbonaceous  bark,  but  elevated  in  the  impression  or  casL 
Utese  vegetables  belong  to  the  genns  of  Cadi,  all  shrubs  of  warm 
climates.  We  have  for  instance  some  species,  says  Dr.  Martins, 
anchas  Caetut  tetragomu,  petUagonvi,  and  Aea^a^onut,  which  are  for- 
nisbed  with  broftd  and  plane  surfaces  \,  others  as  Cactiu  cylindrical, 
rntinly  cyliadrical,  and  [iinnBbe&  ovei  \)h»i'«^v^  viA«c«'^'k 
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reticnUte  furrows,  tUDoog  vrbicb  tabercles  project ;  see  plate  VI. 
and  its  eiplan&tion ;  others  aa  Cactus  repandui  whose  obtuse  aod 
repand  eurfacea  are  much  approxiniated  ;  and  lastly  othen  sach  as 
«ll  the  OpuntiK,  reniBrkable  for  their  compreaaed  joints,  which  are 
plane  or  sparsely  tuberculate.  The  above  different  fonni  while 
they  lay  buried  Bnion^  rocka  and  shale,  hare  been  changed  in 
rariona  ways.  A  great  many  have  been  reduced  by  the  extreme 
pressure  into  broad  flat  lamine  longitudinally  canaliculate  or 
areolate ;  a  few  bare  preserved  their  orbiculale  form  ;  their  denae 
and  fleshy  texture  having  prevented  the  fiUing  of  their  trunks  with 
loam,  and  their  subsequent  converaioa  into  a  stony  subatance,  aa 
we  observe  to  have  taken  place  in  other  vegetables,  and  especially 
the  arborescent  fema.  For  which  reason,  it  would  aeem  that  round 
petrified  Cacti  have  been  sometimes  taken  for  calamitea.  With 
regard  to  the  aurfece,  in  a  few  spedmens,  the  cortical  layer  itself 
remains  reduced  to  the  state  of  coal;  exhibiting  areotm  formed 
of  lanigerouB  tubercles,  such  as  we  see  in  PI.  9,  fig.  1.  of  Sternberg; 
in  others  again,  and  those  the  more  numerous,  this  layer  ii  loosened 
from  the  internal  parts  of  the  plant,  and  is  agglutinated  to  the 
slate-clay,  in  such  a  manner  that  its  internal  surface  comes  into 
-  view,  of  which  an  example  may  be  seen  in  Sternberg's  PL  13.  fig., 
2 ;  in  others  again  the  iotemal  snbetance  itself  appears  converted 
into  Stone,  and  denuded  of  its  bark.  The  fonrtb  condition  in 
which  cactUes  occur  is  when  the  impression  of  the  natural  entire 
surface  has  been  left  upon  slate-cUy  ;  and  the  fifth  when  the  aur- 
foce,  previously  deprived  of  the  cortical  layer,  has  been  impressed 
upon  clay  or  sand.  The  cactiUs  gigarUeui  found  in  the  quarries  at 
St.  Imbert,  has  a  diameter  of  5  or  6  inches.  Dr.  Martins  describes 
other  6  foasil  species,  of  which  the  testdatug  belongs  nther  ha 
thinka  to  the  genus  of  optrntite. 

A  genus  of  fossils  described  by  Count  Stembetg,  under  the 
name  of  Syringodendron,  agrees  in  many  of  its  cbaiscters  with 
the  Cactitet,  nor  can  it  be  doubted  that  it  belongs  to  the  succulent 
or  fig  tribe  of  vegetables. 

There  is  a  very  rem^kable  fossil,  with  branches '  attenuated 
upwards,  and  having  the  whole  surface  covered  with  leaf  bearing 
Bcales,  arranged  in  an  imbricated  manner,  (like  slates  on  a  roof) 
ndthw  referrible  to  the  genus  Yucca,  nor  to  tba!t.  cS  (^«E»A.,\n 
tdiieb  Sternberg  baa  given  the  name  oi  Lqaidodendron  (>«£«. 'w^ 
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Jiehotomum.  Dr.  Maniue  is  of  opinion  Urnt  tliis  may  nit^  pro< 
'  ^ety  be  referred  to  a  new  genus  which  he  met  with  in  BraitH. 
The  fields  of  the  provincv  of  Minas  Gcrafs,  nt  a  height  of  2000 
feet  and  upwards  above  tlie  level  of  the  nea,  and  e»peciel)y  the 
diamond  district,  afTotd  a  genus  of  the  order  Compositte,  tnneh 
allied  to  the  Venwftim  of  Linnanis  and  the  PulhUgta:  of  Hatn- 
holdt,  which  seem  to  correspond  in  every  charHrter  with  our 
petrified  plant.  He  proposes  to  call  it  L^chnophora.  There  are 
aereral  npecies  of  tltem,  forming  shrubs  about  the  height  of  a  man. 

Whoever  compares  the  figures  anil  (Icvcription  of  Lfpidodendivn 
dichotomum  with  these  living  plants,  in  respect  to  habit,  ramifica- 
tions, and  the  teaselated  work  investing  llie  tnmk,  which  in  the 
fossil  plaots  is  converted  into  chareoa),  will  be  convinced  by  their 
imniLToin  points  of  ngreemeiit,  of  the  I'xinti'nce  of  a  jierfect  idcniily, 
and  be  constrtuned  to  join  iit  the  opinion  of  Dr.  Martina.  He 
describes  two  fossil  Lychnophorit«s,  which  are  found  in  quarries 
at  SeoTtia  and  Radmts  in  Bohemia. 

With  regard  to  this  plant,  as  well  as  the  preceding  genera,  it 
deserves  to  be  remarked,  that  like  ferns,  they  are  all  T^etables 
fbrniahed  with  a  singular  straeture  of  oi^ans  subservient  to  respira- 
tion, and  highly  adapted  for  inhaling  nntriiioua  jaices  from  the 
atmosphere.  It  is  well  known  that  the  Cacti,  as  well  as  most 
auccnient  plants,  derive  their  nourishment  more  from  their  relation 
to  the  sir  than  to  the  earth.  The  Yucae  and  Lychnophorat  which 
choose  fi»'  thnr  habitation  a  dry  sandy  soil,  that  has  nodei^oiie 
little  prepara^on  from  the  decomposition  of  previously  exislin^ 
vegetablea,  were,  aaya  the  Doctor,  peculiarly  adapted  for  clothing  a 
recently  fiHmed  wc^ld,  mnch  warmer  than  the  present.  By  such 
plants,  vegetable  matter  woald  rsjndly  accumulate  to  the  extent 
that  we  find  in  our  coal  strata.  The  mixture  af  plants  which  in 
our  times  inhabit  only  dry,  sandy,  or  rocky  exposed  places,  and 
which  do  Dot  grow  in  the  midst  of  trees,  nor  even  thrive  in  therr 
vicinity  along  with  geneia  like  the  ferns,  which  love  damp  and 
shady  places,  merely  indicates  what  the  basaltic  phenomena  attest, 
that  inundations  of  considerable  extent  were  from  time  to  time 
thrown  over  the  land,  whence  the  dry  and  moist  tribes  of  vegetable)^ 
would  alternately  prevail  in  the  same  district ;  besides  it  is  not  at 
■II  improbable  "  that  those  ^AanXa,  \\t«  Cacti,  Lyeinophora,  he. 
trlttch  we  Rtill  find  occaa\oiai\Y  aBao^a!lR&  Vi'Cn  AgttciE,  "BrvrfwAiui-, 
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and  arbw^sceat  fenia  in  tbe  tropical  region^  being  'extended  to  an 
enormous  magnitude  by  a  vigorous  vegetative  power,  fonned  vast 
umbrageous  woods,"  affording  a  suitable  .retieat  to  many  plants  that 
lore  marahy  and  shady  situations,  such  as  the  Sdtaminem  and 
various  tropical  genera  of  grasses  and  ferns. 

"  It  is  only  necessary  to  observe  that  these  petrified  vegetables 
bare  nndonbtedly  lived  in  the  some  countries  in  which  they  are 
now  round,  and  have  not  been  transported  from  remote  places  by 
fioods,  and  bnried  io  nuns  of  various  kinds.  Bnt  that  those  forma- 
tions to  which  we  give  the  name  of  pit-coal,  hare  derived  their 
origin  from  ages  much  more  remote'tban  those  in  which  the  beds 
of  browQ-coal  (Lignite)  were  depouted,  is  also  proved  by  tbe 
vegetables  wtuch  occur  in  the  latter,  and  which  for  a  great  part 
exhibit  leaves,  fruits,  and  woods,  of  modem  plants,  and  especially 
native  genera  of  the  north  of  Europe.''* 

The  lignites  being,  from  their  geological  situation, 
of  much  more  recent  production  than  the  proper 
coal  measures,  accord  perfectly  with  the  above 
observations.  They  occur  frequently  under  trap 
rocks.  The  general  deluge  seems  therefore  to 
have  been  preceded,  by  several  partial  inundations, 
betokening  to  man  the  great  catastrophe  about  to 
destroy  his  race.  These  floods  would  favour  the 
growth  of  a  new  set  of  vegetables,  in  the  districts 
subject  to  trap  eruptions,  and  would  subsequently 
sweep  them  off  into  the  bed  of  the  adjoining  sea, 
whence  they  emerged  after  the  final  cataclysm. 

The  celebratetl  Count  Sternberg,  author  of  tbe  Botanical  and 
Geognosticat  Essay  on  the  Flwa  of  the  Ancient  World,  a  splendid 
work  on  Antedilnvian  plants,  says,  "  that  the  vegetation  snbserrient 
to  pit-coal,  consisted  of  several  species  of  la^e  trees,  of  which  I 
have  in  my  collections  trunks  18  inches  in  diameter.  Tlieae  trees 
seem  all  to  hare  belonged  to  the  monocotyleilinous  or  polycotyle- 
dinons  ftunilies.     They  are  palms,  bamboos,  &c.     The  v^etation 

•  Dr.  Mmias  on  Antediluvian  Plantoj  EAo.l?WiL3a«i«-'^<A-'*S^- 
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which  gare  birth  to  the  fonnUion  of  browO'COBl  seems  to  haTe 
been  that  of  a  (freal  continent ;  it  '\n  also  fonneil  of  large  trees 
■whose  texture  is  still  lo  be  (liHrenieil  in  the  brown  coal  ;  but 
liitlierto  I  have  not  been  able  to  iliscover,  either  petrt^ed  Iranks, 
or  impressions  of  liark  bo  freqnenl  in  the  miues  of  pit-coal. 
Stuttered  Ipaves,  which  withoni  being  known  to  me,  appear  on- 
ilmibteftl^  to  belong  to  dirotyleitinous  feinilie!!,  are  all  that  I  ban 
hitherto  discovered, — Memoirn  de  Muteum,  V.  163. 

If  we  examine  the  fossilised  fruits  fouiiil  in  the 
upper  strata  we  shall  see  that  se^-eral  of  tliem  evi- 
dently belong  to  the  same  family  of  palms ;  but  one 
of  the  most  extniontinary  facts  connected  with  this 
irtibject  is,  that  none  of  these  fruits  appear  to  have 
grown  on  the  palms  with  fan-shaped  leaves ;  but 
on  the  contrary,  that  all  the  fruits  that  have  been 
correctly  delineated  by  authors,  seem  referrible  to 
the  genera  with  pinnate  (feather-formed)  leaves. 

There  is  no  doubt,  however,  that  palms  with  fan 
shaped  leaves  covered  Europe  with  their  lofty  vege- 
tation  at  this  remote  period,  in  regions  where  no 
species  of  these  plants  could  now  grow.  The 
opinion  of  some  writers  that  these  vegetables  may 
have  been  transported  from  remote  climates  into 
the  places  where  they  are  actually  deposited,  ap- 
pears at  variance  with  every  fact  hitherto  observed, 
and  possesses  in  reality  no  solid  foundation. 

The  posture  of  fossil  vegetables  in  coal  mines, 
the  perfect  preservation  of  extremely  thin  leaves, 
such  as  those  of  the  ferns,  the  entire  state  of  their 
fronds,  which  are  often  extremely  large,  and  above 
all,  the  presence,  in  many  of  these  mines,  of  vertical 
trunks  of  trees  rising  up  through  the  several  strata 
of  rocks  that  enclose  ftiem,  axe  meomijatible  with 
the  hypothecs  of  trauapOTV.— Count  Stemherg, 
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The  Rev.  Dr.  Buckland  read  last  May,  to  the 
Geol.  Society,  a  paper  already  quoted,  descriptive  of 
a  new  family  of  fossil  plants,  which  occur  in  the 
freestone  quarries  of  the  Isle  of  PoriJand.  Their 
external  form  approaches  to  that  of  the  fruit  of  the 
pine  apple,  but  is  still  more  like  tlie  trunk  of  a  liv- 
ing zamia.  These  plants  supply  from  the  fossil 
world,  a  link  to  fill  the  distant  void  which  separates 
the  cycadete  from  the  nearest  existing  family  the 
coniferie.  Their  occurrence  in  the  Portland  oolite 
adds  another  to  the  many  facts  which  indicate  the 
climate  of  these  regions,  during  the  period  of  the 
oolitic  formations,  to  have  been  similar  to  that  of 
our  actual  tropics. 

"  Thus,  dispersed  through  various  members  of  the 
grand  oohte  formation  or  Jura  limestone,  we  have 
trunks  and  leaves,  and  perhaps  organs  of  fructifica- 
tion, that  may  with  much  probability  be  all  referred 
to  our  new  fossil  family  of  cycadeoidese.  We  have 
the  trunks  in  Portland,  the  leaves  at  Whitby  and 
in  Scania,  and  both  leaves  and  amenta  ?  at  Stones- 
field  }  and  though  we  are  as  yet  without  materials  to 
show  the  specific  relations  of  these  parts  to  one 
another,  we  have  evidence  to  prove  ^it  duration  of 
one,  or  both  the  cognate  families  of  cycadeie  and 
cycadeoideae  to  have  extended  from  nearly  the 
lowest  to  the  uppermost  beds  of  the  oolite  series." 

To  the  same  conclusion,  concerning  the  tropical 
-  vegetation  of  our  climates  in  antediluvian  times, 
Mr.  Mantell  has  brought  very  decisive  support  in 
his  able  "  Illustrations  of  the  Geology  of"Sus3ex." 
"  Whether  Tilgate  Forest,"  says  he,  "  "was  axv  ^^x^^ 
ora  continent  ma/not  be  detemvmei-,\>vi.V'0na.V\VN4^a  . 
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diversified  by  hill  and  valley,  and  enjoyed  a  climate 
of  a  Jiiglier  temperature  than  any  part  of  modem 
Europe,  is  more  tlian  probable.  Several  kinds  of 
ferns  appear  to  have  constituted  the  immediate 
vegetable  clothing  of  tlie  soil  ;  the  elegant  hytnen- 
opteris  psilotoides,  which  probably  never  attained  a 
greater  height  than  3  or  4-  feet,  and  the  beautiful 
pecopteris  reticulata,  of  still  smaller  growth,  being 
.  abundant  everywhere.  It  is  easy  to  conceive  what 
would  be  the  appearance  of  the  valleys  and  plains 
covered  with  these  plants,  from  that  presented  by 
modern  tracts,  where  the  common  ferns  so  gene- 
rally prevail.  But  the  loftier  vegetables  were  so 
entirely  distinct  from  any  that  are  now  known  to 
exist  in  European  coimtries,  that  we  seek  in  vain 
for  any  thing  at  all  analogous,  without  the  tropics. 

"The  forests  of C/aM- 
rarea  (see  marginal  fig- 
ure), and    Endogenitffi, 
(the    plants    of  which, 
iike  some  of  the  recent 
arborescent  ferns,  prob- 
ably attained  a  height  of 
30  or  4-0  feet,)  must  have 
borne  a    much   greater 
resemblance  to  those  of 
tropical  regions,  than  to 
any  that  now  occur   in 
temperate  climates.  Tur- 
tles of  various  kinds  must  have  been  seen  on  the 
banks  of  its  rivers  or  lakes,  and  groups  of  enormous 
crocodiles  basking  m  6Ae  fern  md.^Vi^o's'i.    The 
gigantic  megalosauruSy  aoA  ^t^-  w^oi^  ^%w!ac  Vauo- 
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nodon,  to  which  the  groves  of  palms  and  arboresceot 
ferns  would  be  mere  beds  of  reeds,  must  have  been 
of  such  prodigious  magnitude,  that  the  existing 
animal  creation,  presents  us  with  no  tit  objects  of 
comparison.  Imagine  an  animal  of  the  lizard  tribe, 
3  or  4  times  as  large  as  the  largest  crocodile,  having 
jaws  equal  in  size  to  the  incisors  of  the  rhinoceros, 
and  crested  with  horns  ;  sucli  a  creature  must  have 
been  the  iguanodon." 

Professor  Kounizin  describes  in  the  Isis  for  1821, 
immense  beds  of  fossil  wood  in  several  localities  of 
the  governments  of  Novogorod  and  Twer  in  the 
north  of  Russia,  where  no  aUch  trees  are  now  found 
to  grow.  In  moist  clayey  soil,  they  are  sometimes 
petrified.  Tlie  oaks  not  petrified  are  very  tender 
when  first  dug  up,  and  may  be  cleft  easily  into  thin 
spars,  like  pinewood ;  but  when  dried,  they  become 
blacker,  and  so  hard,  that  the  hatchet  is  notched  In 
cutting  them.  There  are  no  oaks  to  be  found 
growing  even  in  any  of  the  contiguous  countries, 
which  have  been  bare  and  barren  from  time  imme- 
morial. Similar  beds  of  fossil  wood  occur  over  the 
whole  of  North  Russia,  on  the  banks  of  the  Doubna, 
Kachinka,  and  Karojincha,  as  also  in  the  govern- 
ments of  Wologda  and  Aloncy. 

Near  Canstand  on  the  river  Necker,  M.  Auten- 
rieth  found  an  entire  forest  of  the  trunks  of  palm- 
trees  buried  along  with  the  remains  of  elephants, 
of  which  more  than  60  tusks  were  found,  none  of 
them  deeper  than  20  feet  beneath  the  surface,  in 
an  indurated  mass  of  clay,  sand,  pebbles,  and  ochre, 
which  had  to  be  blasted  by  gunpowdec  to  ^t  *t. 
the  fossils. — Cuvier,  Ossemera  Fossiles,  I.  VlSl. 
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The  fossil  shells  found  in  the  strata  of  England, 
France,  and  the  contiguous  countries,  having  for  tlie 
most  part  no  antitypes  alive,  except  in  equatorial 
regions,  liarmonise  with  the  preceding  details. 

It  has  been  said  that  in  the  calcareous  strata  at 
Grignon  near  Paris,  more  genera  and  species  occur 
than  could  be  found  on  the  whole  coasts  of  France. 
It  is  only  between  the  tropics  where  the  ocean  con- 
tains such  a  number  of  moUusca,  that  sea-grounds 
can  be  found  as  rich  in  testaceous  productions  as 
the  bed  of  Grignon.  If  we  take  into  account  also, 
that  the  fossil  shells  belong  mostly  to  hot  climates, 
we  shall  conclude  that  in  the  latitude  of  France  in 
that  former  state  of  things  the  climate  must  have 
been  of  a  tropical  temperature.  The  nautili  spiruli, 
and  many  other  shells  found  fossilised  in  our  strata, 
exist  alive  only  near  the  equator ;  a  fact  which 
confirms  the  preceding  proposition.  The  following 
table  exhibits  a  comparative  view  of  the  number  of 
genera  and  species  of  animals,  heretofore  discovered 
both  in  the  fossil  and  living  state,  with  the  strata  in 
which  the  fossilised  are  found. 

The  polypary  family,  the  first  in  the  list,  includes 
the  madrepores,  and  other  worm-like  creatures, 
which  construct  what  are  commonly  called  the  coral 
reefs.  In  the  department  of  Calvados  in  France, 
mineral  beds  occur  of  very  great  extent,  composed 
almost  entirely  of  the  debris  of  poiyparies.  In 
other  regions  still  farther  to  the  north,  remains  of 
Iwge  fossil  poiyparies  exist,  whose  genera  now  live 
only  in  tropical  seas. 
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General  TabU  of  lavmg  taut  Fond  Genera. 
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This  curious  table,  and  its  introductory  statements, 
are  taken  from  the  article  Petrifactions,  written  by 
M.  Defrance  for  the  Dicltonnaire  des  Sciences 
Naturelles,  and  published  in  18S6. 


CHAP.  IV.— ELEVATION  OF  SUBMARINE  STRATA. 

Having  endeavoured  to  solve  one  enigma  of  the 
primeval  world,  the  fervid  temperature  of  even  its 
circumpolar  zones,  I  shall  next  offer  some  remarks 
illustrative  of  another  geological  difficulty,  the 
transfer  of  the  ocean  from  its  ancient  to  vt&  ^\«.- 
seat  bed. 


i- 
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Existing  phenomena  justify  us  in  referring  this 
mighty  change  to  a  twofold  ojieration  ;  the  eleva- 
tion of  certain  suhniarinc  strata  o\'er  an  extensive 
region,  and  tiic  concomitant  disruption  and  sub- 
mersion of  dry  land.  The  basaltic  or  traji  pheno- 
mena, lead  to  the  conclusion  that  such  upheavings 
and  subversions  were  not  conjiiied  to  one  epoch  of 
the  antediluvian  world,  but  that  coeval  with  its 
birth,  they  pervaded  tlie  whole  period  of  its  diira- 
tion.  Hence  sea-born  lands  came  fortli  to  the  day, 
and  primeval  plains  were  eii^uljiht'd  in  succession  : 
circumstances  fully  demonstrated  by  the  dens  of 
antediluvian  animals  which  abound  in  shell-lime- 
stone rocks,  and  by  many  other  appearances.  Such 
extensive  elevations  of  land,  often  to  vast  heights, 
necessarily  involved  a  corresponding  displacement 
in  the  bed  of  the  waters  ;  which  being  of  invariable 
volume  must  have  shifted  their  position  with  every 
change  in  tlie  form  of  their  basin.  The  deluge, 
that  universal  transflux  of  the  ocean,  was  the  last 
and  greatest  of  these  terraqueous  convulsions,  and 
finally  gave  our  spheroid,  the  more  stable  equili- 
brium which  it  has  ever  since  possessed.* 

The  nature  and  causes  of  that  unstable  eqaili- 
brium,  whose  traces  are  still  visible  in  the  antedi- 
luvian frame-work  of  the  globe,  we  have  endea- 
voured to  explain,  and  shall  add  some  further 
remarks  in  the  chapter  entitled  "  Phenomena  of  the 
Deluge."  Meanwhile  I  shall  prove  by  decisive 
evidence,  that  even  under  our  more  settled  terra- 


•  *  Neither  shall  there  any  moic  \)t  a  ftooi  X»  i«.vto-j  "Sxt  s.«rth." 
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queous  equilibrium,  extensive  tracts  of  land  have 
been  upheaved  or  elevated  'from  the  waters  in  post- 
diluvian times. 

In  advancing  these  proofs,  I  shall  commence 
with  the  testimony  of  an  intelligent  eye-witness  to 
a  recent  phenomenon  of  the  kind,  on  no  dubious  or 
inconsiderable  scale.  I  allude  to  the  "  Account  of 
some  Effects  of  the  late  Earthquakes  in  Ghili,  by 
Mrs.  Maria  Graham,"  published  in  the  first  volume 
of  the  second  series  of  the  Geological  Transactions. 

The  first  shock  by  which  'the  towne  of  Valparaiso,  Melipills, 
Quillota,  and  Casa  Blanco  were  aknost  destroyed,  and  Santiago 
mncb  damaged,  was  felt  at  ^  past  10  o'clock  io  the  evening  of 
Tuesday  19th  Nov.  1823.  It  lasted  3  miantea.  In  a  few  min- 
nt«a  after  the  first  shock  there  was  another  leas  severe ;  and  from 
that  time,  the  whole  night  long,  saccessive  shocks  were  felt,  twice 
in  erery  five  minates,  each  lasting  from  a  half  to  a  whole  minnte. 
On  the  20th,  21st,  sad  22d,  the  shocks  continued.  A  little  before 
10  of  the  latter  day,  three  snccessive  load  explosions  were  heard, 
like  the  sound  of  heavy  artillery,  and  nndernhich  the  earth  trembled 
violently.  The  weather  was  hot  and  sonny  on  one  day,  and  foggy 
with  cold  drizzling  rain  on  another.  On  the  23d  and  24th,  the 
earthquakes  continued  with  a  mild  cloudy  sky.  From  this  time 
till  the  18th  January,  1823,  when  Mrs.  Graham  left  that  country, 
continual  earthquakes  more  or  less  severe,  were  felt  every  day ;  and 
she  has  learned  that  tfaey  were  very  violent  id  the  sabsequent  July, 
and  had  not  ceased  altt^ther  so  late  as  September. 

The  sensation  experienced  during  the  more  violent  shocks  was 
that  (rf  the  earth  bemg  suddenly  beared  up  in  a  direction  from 
north  to  south,  and  then  falling  down  ag^n ;  a  transverse  motion  also 
being  now  and  then  felt.  The  tremour  between  the  shocks  was 
shown  to  be  real  by  the  agitation  of  water  in  a  glass  ;  and  during 
the  shocks  themselves,  water  or  mercury  placed  in  a  glass,  was 
thrown  over  the  edge  in  every  direction.  Id  the  house  where  Mrs. 
G.  resided,  the  furniture  was  all  displaced  with  some  d^ree  of  r^u- 
larity,  BO  as  to  range  not  pwallel  to  tbe  wii\»w\vwiVfeoYaK4.\»*wi 
aonh  aail  aoutit,  but  at  a  given  sngXe  iiagoBtfAi.     tW  »«oa»!w«^ 


experienced  ou  baerd  tbe  a)iIpH  tliat  Uy  in  the  harbour  of  Valpamiso, 
WB8  as  if  ihey  were  moving  very  rapidly  throngli  the  w&icr,  uiU 
occaaioiialty  lourhing  the  gr(iun<l.  On  the  first  shork  on  the  night 
of  tile  19ih  Nor.,  t)ie  eca  iu  VslpnraiHo  hftrbour  rose  to  a  gr^at 
height,  anil  tlien  receded  so  Rs  to  leave  the  ginall  vetiHels  that  were 
before  afloat,  dry  on  the  beach  ;  it  then  relumwl,  bnt  Bx  compared 
with  the  Ie~'el  of  the  land,  not  to  its  original  level.  All  this  ia 
stated  to  have  happened  in  the  course  of  a  quarter  of  an  hour. 

In  all  tlie  small  valleys,  the  earih  uf  the  gurilens  was  rent,  and 
qaontities  of  water  and  aand  were  forced  up  througli  cracks  to 
the  surface.  In  the  alluvial  valley  uf  Vina  a  la  Mar,  the  whole 
plain  wax  covered  with  couch  of  earth  about  4  feet  high,  occaaiotied 
by  tlie  water  and  sand  which  had  been  forced  up  through  funnel- 
shapi'd  hollows  bpncalh  theni ;  the  whok'  surface  being  tbuH  reduced 
to  the  consistence  of  a  qnicksaDd.  At  the  roots  of  all  tbe  treea 
between  the  surrounding  earth  and  the  stem,  large  hollows  were 
seen,  into  which  the  band  could  be  introduced,  occasioned  by  tlie 
violence  with  which  tbe  trunks  hail  been  lashed  to  and  fro.  The 
bed  of  tbe  lake  of  Qnintero  was  full  of  lai^  crocks,  and  the  allu- 
vial soil  on  its  shore  was  so  divided  as  to  look  like  a  sponge ;  tbe 
level  of  the  lake,  which  communicates  with  the  sea,  had  apparently 
sunk  very  much. 

The  promontory  of  Quintero  consists  of  granite  covered  by 
BBiidy  soil.  Tbe  granite  on  the  beach  is  intersected  by  parallel  veins, 
from  a  line  to  an  inch  m  thickness ;  most  of  which  are  filled  with 
«  white  shining  matter,  but  some  are  only  coated  with  it  on  their 
udes,  and  present  hollow  fissures.  After  the  earthquake  of  the  1 9th 
tbe  whole  rock  was  found  to  be  rent  by  sharp  recent  clefts,  very 
distinguishable  from  the  older  ones,  but  running  in  the  same  direc- 
don.  Many  of  the  larger  of  these  clefts  might  lie  traced  from  the 
beach  to  tbe  distance  of  a  mile  and  a  half  across  the  neigbhouring 
promontory,  where  in  some  instances  tbe  earth  parted,  and  left  the 
stony  base  of  ttie  hill  exposeil. 

On  the  morning  of  the  20th,  it  appeared  that  the 
whole  line  of  coast  from  north  to  south,  to  the  distance 
of  above  100  miles,  had  been  raised  above  its  former 
level.  From  a  small  \\'v\V  a\)o\ft  Qmntero,  Mrs. 
Graham    perceived  l\\at  an  o\4  -medK.  cS.  \i.  ^v^ 
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which  before  could  not  be  approached,  was  now 
accessible  from  the  land,  although  its  place  on  the 
shore  had  not  been  shifted.  The  alteration  of  level 
at  Valparaiso  was  about  3  feet,  and  some  rocks 
were  thus  newly  exposed,  on  which  the  fishermen 
collected  the  scallop  shell-fish,  which  was  not  known 
to  exist  there  before  the  earthquake.  At  Quintero 
the  elevation  was  about  4  feet  When  Mrs.  G. 
went  to  examine  the  coast,  accompanied  by  Lord 
Cochrane,  although  it  was  high-water,  she  found 
the  ancient  bed  of  the  sea  laid  bare  and  dry,  with 
beds  of  oysters,  muscles,  and  other  shells  adhering 
to  the  rocks  on  which  they  grew,  the  fish  being  all 
dead  and  exhaling  most  offensive  effluvia.  She 
found  good  reason  to  believe  that  the  coast  had 
been  raised  by  earthquakes,  at  former  periods  in  a 
similar  manner ;  several  ancient  lines  of  beach,  con- 
sisting of  shingle  mixed  with  shells,  extending  in  a 
parallel  direction  to  the  shore,  to  the  height  of  50 
feet  above  the  sea.  The  country  was  in  former 
years  visited  by  earthquakes,  the  last  of  any  conse- 
quence having  been  93  years  ago. 

The  shock  of  the  19th,  was  felt  as  far  as  Lima 
to  the  north,  by  tlie  ships  then  riding  in  Callao  bay. 
To  tlie  south,  it  was  experienced  at  least  as  far  as 
Conception ;  and  to  the  east,  beyond  the  Andes, 
at  Mendoza  and  at  St.  Juan.  The  distance  from 
Conception  to  Lima  is  about  SO  degrees  of  latitude 
or  1400  miles. 

To  the  above  graphic  narrative  we  may  add 
the  following  particulars  inserted  by  M.  Arago  in 
the  27th  volume  of  the  Annates  d&  Chimit  e\  iA 
Physique,  p.  380. 
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On  certaio  spots  the  grmmd  appcarH  to  have  eKperienc^d  during 
tlie  ahock  a  movement  of  ruLatiou.  The  followini;  are  tJie  facia 
ou  wliicli  that  marveiloos  aHoertion  reeto, — Dea  murs  et  lies  maiiion*, 
ttpren  Civaiiemenl  elaienl  loumes  en  rond.  I  sliall  not  translate  tliis 
novel  plivnoinenon,  aa  M.  Arago  regrets,  that  the  expression  tn 
the  ori^nat  relation,  is  ileficient  in  precision.  At  Quintero,  ten 
miles  to  the  nortli  of  Concon,  at  the  mouth  of  the  Ilio  Qutllola, 
sre  several  lofiy  palms ;  three  of  wliieh,  after  the  eartliqiiake,  were 
twisted  round  each  other,  like  willow  wands.  The  movement  of 
rotation  \a  further  proved  hjr  tile  circumstance  of  each  of  theiie 
trees  having  swept  a  small  space  round  about  its  Btem.  At  \'o\- 
diriu,  in  south  latitude  39°  69',  only  one  moderate  shock  was  felt ; 
but  at  the  moment  of  its  occurrence,  two  volcanoes  of  the  neigh- 
bourhood made  a  sudden  eruption  with  a  loud  noise,  illnniinated 
the  whole  surrounding  country  for  fiome  secoods,  and  forthwith 
returned  to  their  ancient  state  of  tranquillity.  On  the  27th  Nov. 
eight  days  after  the  stroi^  shock,  there  fell  OTer  a  great  extent  of 
Chili,  copious  nins  acconipBnie<l  with  violent  whirlwinds.  As 
mn  had  never  been  observed  before  in  the  month  of  November, 
the  earthquake  must  consequently  have  introduced  seme  notable 
inodifica^ons  into  the  atmosphere  of  the  country. 

The  Upheaving  phenomenon  of  Cliili  is  merely  a 
miniature  type  oi'  operations  extending  through 
every  geological  epoch  and  district  of  the  world. 
Thus  the  facts  detailed  by  Signor  Brocchi  in  his 
Conchologia  Subappenina  concur  to  show  that  the 
whole  promontory  of  Italy  has  been  lifted  up  in 
an  unbroken  mass  out  of  tlie  ocean  j  for  it  is  all 
covered  with  an  alluvium  evidently  of  marine 
origin,  over  which  is  spread  another  coat,  the 
diluvium  or  detritus  of  the  great  deluge,  common 
to  every  region  of  the  earth. 

This  marine  deposit  is  found  not  only  in  many 
low  situations,  but  it  forms  a  range  of  hills  at  the 
foot  of  the  Appenme.  It  occwix  also  in  Piedmont, 
near   Parma  in  P^acenlia,  -fflXxetice  W  ?ta^yi)&R9,  iii. 
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over  the  north  side  of  this  ridge  to  Otranto :  and 
on  the  south  side,  it  skirts  the  elevated  land  in  a 
similar  manner,  occurring  at  Orvieto,  Rome,  near 
Terracina,  and  elsewhere.  The  same  alluvia  are 
,  to  be  seen  near  Vicenza  and  Verona,  or  at  the 
foot  of  the  Alps,  as  well  as  the  Appeninesj  so 
that  the  term  Subappenine  has  not  been  well  chosen. 
These  beds  are  nearly  horizontal,  and  conse- 
quently unconformable  to  the  inclined  calcareous 
strata  of  the  Appenines  on  which  they  lie.  The 
fishes  of  Monte  Bolca  belong  to  the  marine  alluvial 
bed.  They  are  found  in  a  marly  slate,  which  does 
not  lie  in  continuous  strata,  but  in  distinct  and 
detached  masses  among  the  looser  materials.  The 
indurated  animal  matter,  mixed  with  tlie  including 
earth,  is  of  a  brown  colour,  and  at  times  so  thick 
as  to  project  from  the  stone,  in  a  separable  state. 

In  tliia  olluriuni  of  Brocchi,  beatdes  the  more  common  marine 
foBBils,  the  bonea  of  whales  and  dolphins  are  foand.  Even  entire 
skeletons  of  these  animals  have  been  discavered  at  elevationa  1300 
feet  above  the  sea.  The  whale  bones  are  in  some  places  incrnsted 
with  oyster  shells,  and  almost  uniformly  in  perfect  presemtion ; 
shelving  that  they  hare  not  been  bronght  from  a  distance,  and  that 
the  alluvia  in  which  they  lie  have  not  been  transported. 

The  animal  terrestrial  remains  of  the  upper  dilnvinm  are  generally 
found  a  few  feet  below  the  surface,  intermixed  with  the  sand  or 
gravel ;  bnt  as  that  bed  is  occasionally  absent,  they  also  occur  in 
the  marl.  They  consist  of  the  bones  of  the  hippopoismus,  elephant, 
rhinoceros,  mastodon,  urns,  and  elk,  together  with  the  horns  of 
Htags ;  to  which  must  be  added  vegetable  Remains,  consisting  of  the 
fragments  and  trnnks  of  trees,  witli  leaves  little  altered,  freshwater 
ebeUs,  and  lastly  fragments  of  travertino  or  alluvial  rocks,  and 
vt^etable  calcaieoos  incrustations,  resembling  those  which  are 
daily  formed  by  native  solutions  of  carbonate  of  lime. 

In  different  conntries,  and  in  Italy  very  ^B,T\vc>3\uVjiS\\ak\i««& 
obterred,  t/iai  the  relative  leve\  of  the  «e&  uvOl  \ui&>\«&«aSusM& 
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^H  »e*VTiil  ^tcTfttionti.  Tb«  praafa  and  nttan  bf  thew  are  given  by 
^H  BraUlak  aiiil  otiier  writers,  who  Lave  tiiinntely  examiued  ibis 
^H  dubject.  The  [ireseut  caae  may  liu  coniudeTett  ao  extreme  one  of 
^H  thut  nature,  one  wbicb  shows  tliut  tbe  bottom  of  tbe  sea,  togetLtr 
^A  with  it*  noconab!i<ialetl  alluvia,  has  been  rsiaeil  above  the  surfftcc  of 
^V  the  water,  8o  an  to  have  become  ilry  land.  Thus  it  \a  taay  ti)  * 
H         aeCDQiit  fur  tbe  preseneo  of  marine  remains,  aa  well  aa  fur  tboir 

Hingnlarly  nndislurbed  state. 

ll  U  equally  easy  to  account  foe  tbe  proximity  of  the  maritK)  utd 

the  terrestrial  remaiiu,  fa  also  for  that  of  the  alluvia  which  repect- 

»ive1y  enclose  each.  Whatever  canae  or  causes  (^oersted  thu  tuual 
terrestrial  diluvia  tliat  occur  all  over  the  world,  these  have  apiHtmntly 
been  deposited,  ill  most  caaee  on  naked  rock.  In  this  particular 
one,  they  Iiavc  settled  on  a  previons  alluvium  of  a  diSerenl 
oharacter ;  and  wherever  the  two  are  mixed,  we  may  ascribe  this 
to  diJurial  caireitla. 

"  It  now  follows,"  says  Dr.  Macculloch,  "  that  tbe  elevation  of 
the  land  of  Italy,  which  is  the  origin  of  these  phenomeoa,  la  to  ba 
attributed  to  the  same  catises  which  are  now,  or  have  recently 
been,  operating  in  producing  smaller  changes  in  the  relative  level  of 
the  aea  and  land,  and,  of  course,  in  elevating  the  latl«r.  Tleoe 
causes  are  connected  with  earthquakes  and  volcanoes,  or  are 
dependant  on  volcanic  action.  They  are  the  same  that  raised 
Santorini  from  beneath  the  ocean,  and  that  have  produced  the 
phenomena  of  the  coral  islands  presently  to  be  described.  In  the 
history  of  these  islands,  further  proob  and  confirmatianB  of  these 

views  will  be  foimd Hiat  the  skeletons  of  whales 

should  be  found  at  1200  feet  above  tbe  level  of  the  sea,  is  no  mora 
aurpriaing  than  that  they  should  be  found  at  all.  This  parbcniar 
lact  is,  however,  important,  as  showing  the  vertical  extent  of  this 
elevation,  just  as  the  geography  of  the  marine  remains  demonstrates 
that  of  its  snper6cial  one.  ....  It  is  probable  that  at  tbe 
period  at  which  modem  Italy  was  produced,  the  whole  of  tbe 
central  chain  experienced  a  fresh  elevation  to  the  altitnde  of  at 
least  ISOO  feet,  and  over  a  superfidal  space  which  reaches  from 
Otranto  at  one  end  of  tbe  country,  to  Piedmont ;  Mid  to  the  foot 
of  the  Alps  generally  on  the  other  aide  ;  since  tbe  neighbourhood 
of  Vicenza  and  Verona  preaentA  the  same  appearances.  .... 
/(  might  even  he  sng^ted  l!baV  t!be  vtWie  al  '&«X  <wmM^,  «N«ti. 
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to  t]»e  btghe«t  point  of  the  Appeniaes,  was  raised  at  one  ungle  period 
from  beneath  tbat  ocean,  in  whicb  we  know  that  the  limeatooe  of 
this  ridge  was  formed.  Should  this  have  been  the  case,  the  absence 
of  the  marine  allavimn  from  the  higher  parts  would  be  accounted 
for  on  the  same  principles  which  are  applied  to  the  denndationi  of 
the  earth's  surface  all  over  the  world."* 

In  the  above  phenomena,  wc  have  the  association 
of  an  active  existing  cause,  with  effects  that  cannot 
be  questioned.  We  feel  the  insecurity  of  the  earth 
on  which  we  stand ;-  for  what  arose  in  one  earth- 
quake may  be  consigned  by  another  to  the  bottom 
of  the  ocean.  The  suddenness  or  rapidity  of  the 
above  eruptive  agency,  may  be  inferred  from  the 
undisturbed  state  of  some  of  the  shells  and  skele- 
tons ;  but  still  more  decidedly  from  the  preservation 
of  the  animal  matter  in  theligaments  of  the  bivalves, 
and  from  the  condition  of  the  fishes  of  Monte 
Boica,  as  already  described  in  Chap.  ii.  Book  II. 

The  countries  most  easy  of  access,  which  prob- 
ably contain  good  examples  of  volcanic  elevation, 
are  the  Azores,  and  the  other  volcanic  islands  of 
the  African  coast,  as  well  as  St.  Helena,  Ascension, 
and  Owhyhee.  Geologists  should  bear  in  mind, 
moreover,  "  that  as  all  the  supra  marine  land  has 
apparently  been  elevated  by  some  causes,  from  the 
bottom  of  the  sea,  there  may  be  marine  alluvia 
beneath  terrestrial  ones,  in  many  countries  which 
show  no  traces  of  a  volcanic  nature,  or  of  a  volcanic 
origin.  It  must  be  remembered,  that  although  the 
land  be  supposed  to  have  been  elevated  from  the 
sea,  it  by  no  means  follows  that  this  was  a  single 
event.     It  is  much  more  probable  that  it  was  suC' 

'  Afsccullocb,  Brande's  Journal,  loL  XW .  w.  ¥1*1  .Vl^- 
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cessive,  and  that  the  causes  operated  through  a  long 
series  of  ages."* 

The  coral  islands  offer  proofs  of  the  elevations  of 
submarine  strata  by  expansive  forces,  acting  at 
periods  probably  not  very  remote  from  our  own 
times ;  and  therefore  they  are  well  calculated  to 
throw  light  on  the  more  ancient  and  obscure  phe- 
nomena of  the  deluge.  Nearly  all  the  islands  to 
the  south  of  the  equator,  between  New  Holland  and 
the  west  coast  of  America,  ai'e  the  productions  of 
poltfparies,  or,  as  they  are  commonly  called,  of  the 
coral  tribe  of  molluscous  insects.  But  to  account 
for  the  very  considerable  heights  at  which  many 
coral  islands  stand  out  of  the  sea,  above  whose 
level  these  insects  cannot  build,  we  must  have  re- 
course to  an  upheaving  power ,  and  that  power  is 
obviously  igneous.  We  have  reason  to  believe  that 
these  organic  edifices  are  founded  on  the  cones  of 
submarine  volcanoes. 

The  coral  rocks  roand  TongatAboo  are  t«n  feet  above  the  high 
water  mark,  a  terrace  which  coald  not  be  formed  by  polyparies,  or 
hy  the  deposition  of  marine  exnvise.  Interiorly,  the  island  rises  iu 
many  places  60  or  70  feet  higher.  In  other  islands,  coral  rocks 
under  their  most  characteristic  forms,  have  been  observed,  as  st 
Eooa,  at  altitudes  of  300  feet  above  the  sea.  Now,  it  will  not 
mrely  be  inferred  that  our  ocean  lias  suak  300  feet.  Nor  need 
we  re«ort  to  sach  an  eitiHvagant  hypothesis,  since  the  tme  agent 
of  elevation  reveals  itself  in  subjacent  volcanoes  among  these  very 
isles.  Toofooa,  70  miles  from  Tongataboo,  exhibits  a  volcano 
Always  baming.  Amoi^  the  Friendly  Isles  3  active  Tolconoes  are 
known.  TafooA,  we  have  already  noticed  as  well  as  Eap  to  the 
eastward  of  the  Carolines,  both  volcanic,  and  tlia  latter  aobject  to 
frequent  eartlujiiakee.  All  the  coral  reefs  shake,  when  the  island 
E/Jes  trembles. 

•   Macculloch,Brande'»3o«n»\,\o\.'MN.vt.«a,^\- 
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Id  the  inland  and  devBted  paita  of  Owhyhee  coral  is  obserred ; 
ail  Island  noted  for  magnificeot  rolcanic  operadona.  The  soil  of 
the  adjoining  island  of  Moves  conusU  of  lavK  itnd  other  volcanic 
mattera ;  along  with  probably  the  whole  mountain  group  to  which 
it  belongs. 

To  the  preceding  inatancea  of  volcanic  action  among  the  coral 
itlands,  may  be  added  Tanna,  one  of  the  New  Hebrides,  which 
contains  a  rery  active  volcano.  Messrs.  Forster  and  Sparrman 
made  an  attempt,  but  unsuccessfully,  to  reach  its  burning  monntain. 
The  whole  of  it  shook,  with  projection  of  ashes,  which  darkened 
the  atmosphere  ;  and  there  fell  at  the  same  Ume  a  rain  composed 
of  water,  sand,  and  earth,  which  might  be  called  a  shower  of  slime. 

Ambryn  in  the  same  group,  emitted  columns  of  while  smoke, 
unpetnonsly  from  a  volcanic  crater. 

The  Maiian  Islands  are  filled  with  volcanoes.  La  Peronse  de- 
scribes Assumption  Island  as  covered  in  every  direction  with  lava 
torrents. 

To  the  north  of  the  Marians,  are  several  groups  of  small  islands, 
almost  all  of  tfaem  volcanic  Many  of  them  indeed,  have  no  other 
name  than  Volcano  Island ;  and  others  have  names  of  similar  im- 
p<Rt,  SI  Sulphur  Island.  There  are  two  collections  of  coial  reefs, 
surrounding;  two  of  these  small  islands,  to  which  the  imposing  title 
Gardens  has  been  given.  Easter  Island,  to  the  east  of  the  Society 
Islee,  is  arid  and  volcanic,  composed  of  a  porous,  light,  red  lava. 

From  these  details  it  appears  quite  certain  tbat 
many  of  the  coral  isles,  have  like  Italy  been  raised 
out  of  the  ocean  by  the  volcanic  intrusion  of  matter 
somewhere  under  their  base,  or  by  a  general  expan- 
sive force  forming  vaults  beneath  them.  It  is  highly 
probable  that  tlie  numerous  volcanic  chimnieswhich 
■like  Kirauea  in  Owhyhee  rise  through  the  vast 
Pacific,  are  remnants  of  the  general  convulsion 
which  raged  at  the  deluge,  ending  in  the  submer- 
sion of  some  vast  primeval  continent,  corresponding 
probably  in  area  to  the  surface  of  ticvat  tsceaax,  ^\iX 
this  topic  belongs  to  a  subsequent  c\\a'5\eT. 
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Having  adverted  to  the  coral  islands,  I  shall 
introduce  here  such  remarks  about  their  influence 
in  modifying  the  surface  of  the  globe,  as  may  be 
natui'ally  expected  to  have  a  place  in  a  system  of 
geology.  The  rank  which  their  insect  architects 
hold  in  the  zoological  kingdom  has  been  shown  in 
the  Table  of  living  and  fossil  organic  genera,  p.  -Uy. 

The  great  quantity  ofcalcareons  [>olypsrie«  or  lithopfayteH,  fonnd 
alive  in  the  f»aa  of  hot  countries,  and  the  conaiflerable  miutaev  of 
them  met  with  in  the  fosnil  ftate  among  onr  limestone  rocks,  have 
oniBeil  these  animal  proilucts  to  b«  consitleivd  as  forming  anotabl*^ 
constituent  portion  of  onr  LOntinenls,  and  as  being  capable  of  modi- 
fying in  an  extremely  rapid  and  powerfal  mamier,  the  aqbnuriiie 
BDtfoce  of  our  globe. 

Such  views  are  very  common  in  our  modem  treatises  on  Geology. 
Originalljr  founded  on  the  observations  of  Captain  Cook,  and  the 
other  early  navigators  who  traversed  the  south  seas,  and  explored 
Australasia,  they  were  corroborated  is  a  parlicnlar  manrter  by 
Forster,  then  by  Peron,  during  his  Toyage  to  New  Holland  in  the 
expedition  of  Captain  Bandin,  and  afterwards  adopted  by  all  natn- 
talists.  -  It  was  obvious,  indeed,  that  if  the  animah  which  pnxlnced 
dies«  potyparies,  designated  under  the  general  names  of  madrepores, 
or  corals,  by  sailors  and  even  by  many  geologists,  grew  as  rapidly  aa 
those  which  form  the  eschars,  according  to  Spallanzani's  obsemt- 
tioDB,  the  stoay/MT^pories  ought  to  produce,in  abont  half  a  century, 
or  even  a  much  shorter  period,  by  meaus  of  the  beds  they  bwld  iq> 
to  an  almost  indefinite  extent,  calcareons  masses  of  prodigious  depth 
and  surface.  But  the  first  position  is  more  than  doubtful,  viz.,  that 
the  astrta,  and  the  caryt^yUa,  ar«  produced  with  the  same  rapi- 
dity as  the  eechars;  and,  it  is  certain,  besides,  that  these  fixed  ani- 
mals  cannot  live  either  at  greet  depths,  where  the  solar  light  and 
tieat  exert  little  or  no  influence,  or  so  near  to  the  suriiKce  of  the- 
•ea  a«  to  be  exposed  to  its  violent  agitations,  far  less  above  that 
■orfiwe.  Hence,  in  the  most  favourable  situations,  it  is  evident- 
that  the  islands,  srchipelsgoes,  and  reefs  with  which  the  Indian 
and  South  Seu  are  studded,  cannot  be  altogether  madreporic,  as  has 
been  lon^  bdieTed,  bat  meie\Y  ^TOTiun«.nc«kTw.'a%VKMi>'&«\»ianav 
analogons  to  tfioae  of  thea^uuii%^>n^«^<>^**"*™*^1'^^^'=**^ 
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which  become  incnuted  with  niBdreporic  depoaitt  of  greater  or 
leu  tbickneia. 

This  is  tlie  opinion  advanced  by  MM.  Quoy 
and  Gaimard,  naturalists  of  the  expedition  of  Cap- 
tain Freycinet,  who  after  visiting  tiie  same  points 
as  Feron,  and  particularly  Timor  and  the  Isle  of 
France,  have  undertaken  to  prove  in  a  memoir  on 
the  augmentation  of  lithophyte  polyparies  consi- 
dered  geologically,  that  what  had  formerly  been 
published  about  the  immense  erections  which  the 
saxigenouB  polypi  are  capable  of  executing,  is 
erroneous  and  greatly  exaggerated. 

Perhaps  these  natnraliBts  tobj  have  iyitenutiaed  a  little  t«o 
mach  in  the  oppoaite  directioD.  They  previously  detennined  that  , 
the  incru^jtatiog  polyparies,  as  the  aetree,  the  caryophyllie,  and  the 
meancIriiKe,  are  the  genera  whose  faculties  of  increase  appear  to  be 
most  ezteosive  or  least  liiiiite<l.  Yet  they  cannot  lire  at  consi- 
derable  depths,  since  they  hare  never  been  met  with  below  a 
few  fethoma  from  the  surface.  By  their  own  admieaioo,  howerer, 
the  ramifyiD^  polyparies  may  live  at  a  great  depth,  and  they 
adduce  ao  instance  where  at  80  fathoms  in  south  latitude  56",  they 
ohtaiaed  by  sounding,  small  branches  of  living  madrepores.  It  is 
known,  moreover,  thst  in  the  Mediterranean,  even  the  coial  tribe 
exists  at  the  depth  of  1000  or  1200  feet.  May  not  attrta  also 
live  far  deeper  than  a  few  fathoms,  though  they  have  not  been  met 
with,  since  then  is  a  great  analogy  between  them,  and  certain 
madrepores  ?  Or  may  it  not  be  supposed  that  these  reefs  and 
islands,  based  always  upon  some  earthy  prominence  of  a  {irimitiTe, 
secondary,  or  volcanic  nature,  constitnting  the  bottom  of  the  sea, 
at  first  shoot  up  to  a  certain  height  by  the  aid  of  nnmeroos  branches, 
of  the  Tsmifying  polyparies,  and  are  connected  and  consolidated 
by  the  sheila  which  take  shelter  in  their  windings ;  that  then  the 
remainder  may  be  formed  by  beds  of  astre»,  meandrins;,  and  other 
incnutatiog^j(i>ariet,  the  action  of  which  will  be  more  lively  and 
rapid  as  the  animals  get  into  more  favourable  circumstances  of  heat 
■nd  light  ?  As  to  ^e  anpport  which  the  opwum.  ot  ¥<inft«x  w^ 
Fena  may  derive  tram  madrepoies  bctaf;  (A»Bn«&  «a  v&a&A»  «fc 
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Teiy  great  elev&tions,  w«  miut  here  carefnlly  ascertua  if  ihe 
nature  of  these  islanda  be  not  volcanic,  for  io  this  case,  the»e 
maijrepores  might  rest  on  the  ground  onginally  at  great  depths 
nnder  the  sea,  and  liave  been  thereafter  eler»ted  with  the  rolcutic 
body  itaelf,  or  any  other  rocky  maaa  upheaved  in  the  emptioD. 

CHAP,  v.— PTIENOMENA  OF  THE  DELUGE. 

'  It  has  been  maintained  by  some  ingenious  writers, 
that  the  whole  of  the  antediluvian  earth  now  lies 
drowned  under  our  actual  seas  ;  and  that  the  whole 
of  the  present  dry  lands,  formed  the  bed  of  the 
antediluvian  ocean.  I  do  not  mean  to  o£fer  an 
elaborate  examination  of  this  hypothesis.  Dr. 
Buckland,  has  in  my  opinion  advanced  sufficient 
evidence,  to  prove  that  considerable  portions  at  least 
of  our  existing  grounds,  were  occupied  by  land 
animals  before  the  Noachian  flood,  in  his  ingenious 
theory  of  the  hyena  caves,  to  be  described  in  a 
subsequent  chapter.  These  seem  to  have  been 
antediluvian  dens  of  those  camivora,  whose  exuvis 
buried  in  diluvial  loam,  along  with  the  gnawed 
bones  of  the  animals  on  whose  carcases  they  preyed, 
still  attest  their  ancient  habits  and  resort  That 
they  are  not  postdiluvian,  appears  from  the  osteo- 
logy of  the  animals ;  as  the  bones  differ  specifically 
from  those  of  their  existing  generic  types. 

The  texts  of  Scripture  which  have  been  cited  in 
proof  of  the  total  submersion  of  the  antediluvian 
world,  particularly  by  Mr.  Fenn  in  his  comparative 
estimate  of  the  Mineral  and  Mosaical  Geologies, 
merit  the  deepest  reverence ;  but  they  will  admit, 
on  his  own  principles  of  criticism,  of  a  less  restricted 
interpretation.    That  t\ve  povrndi  oli  SJa^  wx-ua^xi:. 
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vians  was  cursed  on  account  of  Adam's  transgres- 
sion we  are  expressly  assured ;  and  we  also  know 
that  its  destruction  was  denounced  in  the  prophetic 
intimation  of  the  deluge  to  Noah.  **  I  will  destroy 
both  man  and  beast,  and  the  creeping  thing,  and 
the  fowls  of  the  air ;  and  behold  1  will  destroy 
them  mtk  the  earth."  Moreover,  this  penal  expia- 
tion of  the  curse  due  to  sin,  is  declared  by  St.  Peter 
to  have  been  accomphshed.  *'  The  world  which 
tken  was,  being  overflowed  with  water  perished ; 
but  the  heavens  and  the  earth  which  are  now,  re- 
served by  the  same  word,  are  kept  in  store,  unto 
Are  against  the  day  of  judgment  and  perdition  of 
ungodly  men." 

It  is  indeed  demonstrable  on  physical  grounds, 
that  such  a  transflux  of  the  ocean,  as  Cuvier's  con- 
clusion implies,  must  have  permanently  submerged 
a  grettt  extent  of  the  ancient  lands,  and  upheaved 
a  vast  trabt  of  submarine  territory.  But  the  general 
tenor  of  the  Scripture  style,  will  certainly  not  war- 
rant the  theologian  to  insist  on  the  arithmetical 
interchange  of  land  and  water,  by  the  deluge  ;  nor 
is  the  philosopher  entitled  to  build  his  system  on 
the  above  expressions  of  sacred  writ.  Expositors 
of  the  Bible  allow,  and  indeed  every  attentive 
reader  of  the  authorised  version,  cannot  fail  to  per- 
ceive,  that  language  apparently  absolute  and  un- 
limited, is  according  to  the  idiom  of  oriental  writers, 
often  susceptible  of  a  relative  and  modified  meaning. 
Thus,  St.  Paul  says,  "  be  not  moved  away  from  the 
hope  of  the  gospel,  which  ye  have  heard,  and  which 
was  preached  to  every  creature  which  is  under 
heaven."    Ezekiel  also  in  comi^ax'va^ V)(v&  Kss^twsN. 
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monarchy  to  a  cedar  of  Lebanon,  exclaims,  "  All 
the  fowls  of  heaven  made  their  nests  in  his  boughs, 
and  under  his  branches  did  all  the  beasts  of  the  field 
bring  forth  their  young,  and  under  his  shadow 
dwelt  all  great  nations." 

But  assuredly  neither  the  apostle  nor  the  prophet 
intended  that  the  reader  should  understand  in  a 
strictly  literal  sense  these  passages,  which  merely 
described,  in  forcible  words,  the  vast  range  over 
which  the  influence  reached  in  either  case.  Scrip- 
ture quotations  to  the  same  effect  might  be  multi- 
plied were  it  necessary  ;  but  these  two  will  suffice  to 
show  that  without  some  very  definite  limitation,  many 
oriental  phrases  involve  such  modified  meanings. 

I  readily  concede  that  the  territories  occupied  by 
the  human  race,  were  permanently  submerged  at 
the  deluge,— probably  some  great  continent,  corre- 
sponding to  the  site  and  area  of  our  Pacific  Ocean ; 
which  still  betrays  in  multipUed  points  of  iCs  expanse, 
the  embers  of  volcanic  violence.  On  this  principle. 
Scripture  truth  is  not  violated ;  and  thus  also  we 
can  perfectly  account  for  the  non-appearance  of  the 
bones  of  man,  and  his  companion  animals,  the  sheep, 
the  goat,  the  camel,  &c.  among  the  diluvial  exuvie 
of  all  the  countries  hitherto  explored. 

A  universal  deluge  seems  clearly  proved  by  the 
utter  extinction  of  the  species  of  the  primeval  race 
of  animals,  a  topic  which  we  shall  afterwards  discuss 
at  some  detail.  Were  we  not  informed  by  Moses 
of  the  universal  depravity  of  the  progeny  of  Cain, 
as  well  as  of  the  descendants  of  Seth  whom  they 
corrupted,  a  depravity  to  which  modern  crime  affords 
paraileh  enow  to  render  t\\e  \tta.Xftvj  cieJiWvfc,  -w^ 
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should  find  some  difficulty  in  reconciling  with  the 
counsels  of  a  Benignaut  Governor  so  tremendous  a 
catastrophe,  implicating  not  only  the  human  race, 
but  myriads  of  animals,  in  a  common  destruction. 
But  we  read  that  Divine  justice  outraged,  and 
mercy  spumed,  at  length  required  their  victims. 
"  And  God  saw  that  the  wickedness  of  man  was 
great  in  the  earth,  and  that  every  imagination  of  the  - 
thoughts  of  his  heart  was  only  evil  continually. 
And  it  repented  the  Lord,  that  he  had  made  man  on 
the  earth,  and  it  grieved  him  at  the  heart" 

Since  geology  leads  us  to  conclude,  that  the  earth 
peopled  by  Noah's  contemporaries,  perished  at  the 
deluge,  complete  harmony  is  maintained  between 
Science,  and  a  just  interpretation  of  holy  writ. 

By  a  series  of  such  subversions  of  the  old  land, 
and  emersions  of  the  new,  within  a  short  space  of 
time,  at  an  epocha  of  intense  volcanic  activity,  (as 
exemplified  in  the  great  trap  and  porphyritic  erup- 
tions through  the  conchiferous  strata,)  we  may 
explain  many  important  phenomena  of  the  ancient 
world,  as  well  as  its  diluvial  transition  into  the 
present,  without  hypothetical  assumptions,  or  the 
violation  of  any  moral  or  physical  probability. 

We  shall  first  bestow  a  few  thoughts  on  the 
primordial  land.  Consisting  of  primitive  formations 
in  the  strictest  sense  of  the  geological  word,  it  would 
prove  in  general  a  stubborn  soil,  prolific  of  every 
congenial  weed,  but  ungracious  to  culture.*  Hence, 
after  the  fertile  fields  of  Kden  were  forfeited  and 

*  Ceylon  is  described  by  Dr.  Dav;  bs  one  maM  of  primitive  rock,  to 
which  the  soil  corresponds.  Though  &ln\oat  umioH&'j  u«SKRi%-«^ii^ 
n^eiBtion  in  the  interior,  it  is  genenUy  poor,  vsA  cofAuia  \mX  v  ^e^ 
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^^       lost,  the  lands  assigned  to  man  might,  from  licat       ^ 
and  dryness,  (except  in  mai'shcs  overrun  with  ferns 
and  equisetums,)  readily  favour  the  fulfilment  of 

•  the  penal  denunciation,  "  In  the  sweat  of  thy  face 
shalt  thou  eat  bread;"  and  may  make  us  feel  the 
force  of  the  prophetic  hope  of  a  better  earth, 
expressed  by  Lamech  at  the  birth  of  Noah  his  son  ; 
"  This  same  shall  comfort  us  concerning  our  work 
and  toil  of  our  hands,  because  of  the  ground  which 
the  Lord  hath  cursed."  We  shall  afterwards  see 
liow  well  this  prospect  was  realised,  when  the  rich 
tecoadary  strata  were  upiieaved  out  of  the  waters 
at  the  diluvial  metastasis. 

A  tradition  of  this  malediction  has  been  ever 
current  among  mankind  ;  typified  in  the  change 
from  the  golden  to  the  iron  age  of  agriculture.  And 
probably  we  may  likewise  trace  to  the  same  origin, 
the  singular  idea  of  the  innate  malignity  of  matter, 
and  of  the  necessary  pollution  of  whatever  is  asso- 
ciated with  it }  a  dogma  of  great  importance  in  ori- 
ental mythology.  The  titiejustissinta  lellus,  we  must 
remember,  was  not  applied  by  Virgil  to  lands  con- 
temporaneous with  himself;  but  to  the  garden  soil 
'  of  his  primeval  paradise.  The  notion  of  the  inhe- 
rent malignity  of  matter  could  not  be  suggested  by 
experience ;  that  is,  by  any  observed  property  of 
earth  or  clay ;  for  it  is  either  plastic,  yielding  kindly 

proportion  of  vegetable  matter,  seldom  more  than  one  or  two  per  cent., 
proring  tiiat  the  luxuriant  v^etation  of  the  countrj-,  and  particularly  of 
the  Kandian  country,  is  more  dependant  on  the  high  temp^ature  of  « 
tropical  sun,  and  the  abundance  of  water  in  a  mountainoui  regym,  than 
on  richness  of  soil,  which  is  confirmed  by  the  natural  sterility  of  certain 
parta  of  the  low  coun»>f,  Ibtt  art  wA^ew.  ^o  \«o%  catfoaMsd  <frou^ta. 
Geel.  Trnnt.  tvl.  V.  p.  3\?. 
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to  the  hand  of  the  potter,  or  inert,  passive,  and 
therefore  quite  undeserving  of  reproach. 

The  period  of  the  deluge  is  fixed  by  the  best 
chronologists  in  the  year  1656  from  the  creation, 
corresponding  to  the  year — 3348  of  the  Christian 
era.  According  to  Blair,  "  On  the  10th  day  of  the 
second  month  which  was  on  Sunday,  Nov.  30th, — 
2347,  God  commanded  Noah  to  enter  into  the  ark 
with  his  family ;  and  the  next  Sunday,  Dec.  7th, 
it  began  to  rain,  and  rained  40  days,  and  the  deluge 
continued  150  days.  On  Wednesday,  May  6th, 
— 3348,  the  ark  rested  on  Mount  Ararat.  The  tops 
of  the  mountains  became  visible  on  Sunday,  July 
19th,  and  on  Friday,  Nov.  18th,  Noah  came  forth 
out  of  the  ark  with  all  that  were  with  him." 

When  the  barriers  of  the  ocean  began  to  give 
way  before  the  explosive  forces,  the  waters  would 
invade  the  shores,  and  spread  over  the  sunken  land,* 
augmenting  prodigiously  the  evaporating  surface, 
and  thus  bringing  the  atmosphere  to  the  dew  point, 
a  state  of  saturation  to  which,  previously,  it  could 
seldom,  and  in  few  places  attain,  on  account  of  the 
area  of  the  dry  ground  being  great  relative  to  that 
of  the  sea.  From  this  cause,  as  well  as  from  the 
immense  quantity  of  vapours  which  are.  known  to 
rise  from  craters  into  the  higher  and  cooler  regions 
ofthe  air  at  the  period  of  eruptions,  an  immense  for- 
mation of  cloud  and  deposition  of  rain  would  ensue.t 

'  *  The  volcanic  mountaia  of  Pic  in  the  Moluccas,  which  was  risible 
more  than  30  miles  off  at  aea,  entirety  diiappeared  amidst  b  violent  erup- 
tion ;  and  a  lake  now  occupies  its  place. —  Ordinaire,  Hiiloire  NatureUe 
det  Vdeatu,  cEi.  22- 

f  Ducaria,  in  a  Mepioir  oit  VviaaBdi  Soini  and  Inundatviiu,\f^JwAw& 
in  the  eiat  vol.  of  the  Joum.  dc  PhjB\que,  av**^™%  **  ''^*'  *'^i**"'* 
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Many  persons  have  ascribed  to  the  descent  of 
rain  from  some  super-aerial  ocean,  a  great  part,  if 
not  the  whole,  of  the  waters  which  then  inundated 
the  earth.  But  the  slightest  acquaintance  with  the 
principles  of  meteorology,  would  have  repressed 
this  wild  imagination.  The  atmosphere  is  merely 
the  circulating  medium  through  which  aqueous 
particles  are  transferred  from  moist  to  dry  places, 
according  to  fixed  laws,  developed  in  a  former 
chapter  of  this  work.  Supposing  it  universally 
saturated  at  a  temperature  of  80°  Fahrenheit, 
(which  is  the  heat  of  the  equatorial  seas,)  round  an 
aqueous  sphere,  it  could  receive  vapour  merely  equi- 
v^ent  to  its  dew  pointy  amounting  at  the  utmost 
to  a  pressure  of  only  one  inch  of  mercury,  or  13.6 
inches  of  water.  This  is  all  that  could  fall  from  it 
in  its  transition  from  moisture  to  absolute  dryness ; 
a  quantity  incapable  of  producing  a  general  deluge. 
The  formation  and  descent  of  rain  constitute  merely 
a  process  of  distillation,  in  which,  atler  the  dew  point 
has  been  reached  in  any  region,  evaporation  stops 
there,  unless  condensation  takes  place  in  another, 
when  a  direct  circulation  of  vapour  is  established 
through  the  air  above,  and  a  retrograde  circulation 
of  water  on  the  surface  below.  But  this  circulation 
can  never  raise  the  ordinary  level  of  our  seas  in  the 
slightest  degree.  In  fact,  such  a  saturation  of  the 
atmosphere  would  lower  the  general  sea  level  by 
■  withdrawing  entirely  for  a  season,  a  greater  mass 
of  water  into  the  air  thaa  usually  exists  in  the  va^ 

vapours  then  msed,  says,  "des  qti'  ellea  soot  daoi  I'atmotphfre,  dies  y 
brtaeat  bientot  d'^normea  nuagc*  i^\  «e  t«w\i«ii!i  «b  «»a,«,i«nBt& 
lea  deluges  sur  le*  cootrees  icnsinea." 
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porous  state.  We  have  no  ground  to  suppose  that 
tempestuous  winds  aggravated  the  horrors  of  the 
rising  deluge.  "  The  atmosphere  participates  very 
httle  Id  the  agitation  of  volcanoes  and  earthquakes. 
It  remains  customarily  calm.  M.  Von  Buch  when 
observing  an  eruption  of  Vesuvius,  was  surprised 
to  see  the  mercury  of  the  barometer  remain  per- 
fectly steady."* 

At  each  successive  upheaving  of  the  submarine 
strata,  the  inundation  would  advance  further  on 
the  land,  drowning  in  their  places  the  animals  which 
the  dismal  preludes  had  driven  for  shelter  into 
their  dens ;  and  washing  away  by  its  reflux,  the 
tenants  of  the  plains,  into  the  slimy  channel  of  the 
deep.  By  such  a  retiring  bUIow  in  the  dreadful 
earthquake  of  1755,  3000  inhabitants  of  Lisbon 
were  suddenly  swept  off  its  quay,  and  swamped  in 
the  bed  of  the  Tagus.  Should  a  revulsion  ever  lay 
that  channel  dry,  their  bones  may  be  found  buried 
in  the  alluvium.  In  the  progress  of  the  eleva- 
tion of  submarine  strata  and  subversion  of  terres- 
trial, the  stage  of  equilibrium  would  arrive,  when 
the  circumfluent  waves  would  roll  over  the  loftiest 
pinnacles  of  the  globe.  From  this  consummation 
of  the  cataclysm,  as  the  new  lands  continued  to 
rise,  and  the  old  to  subside,  mountain  peaks  would 
begin  once  more  to  appear.  During  the  diluvial 
overflow,  the  atmosphere  would  remain  tranquil ; 
for  the  physical  causes  which  disturb  its  equili- 
brium— inequalities  of  temperature  and  moisture, 
would  act  feebly  if  at  all.     The  universal  sheet  of 

«  D'Aii|»inon  OtogiHMM,!.  !&&• 
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water,  quenclied  in  fact  for  a  time,  the  equatorial 
heats,  which  give  origin  to  the  trade  winds  and 
monsoons.  And  in  extra-tropical  regions,  the 
usual  struggle  between  the  dry  air  incumbent  over 
the  plains,  and  the  moist  air  over  the  sea,  whence 
proceed  the  variable  winds,  was  also  at  an  end. 
Nor  could  the  shoreless  abyss  itself  be  animated 
by  regular  currents,  like  those  which  pervade  our 
actual  seas.  No  American  barrier  stretching 
through  two  hemispheres,  then  received  the  impul- 
sion of  an  ocean-stream  from  Africa,  to  deflect 
it  through  a  Mexican  gulf,  round  OQ  European  - 
shores.  The  disruptive  forces,  would  doubtless 
agitate  the  mass  of  waters,  but  would  also  prevent 
their  pursuing  any  continuous  direction.  Thus 
the  animal  and  vegetable  productions  of  every 
region  would  And  their  places  of  sepulture  at  home ; 
for  we  know  of  no  effective  power  that  could  trans- 
port them  to  any  considerable  distance. 

But  when  the  waters  had  so  far  subsided  into 
their  new  basins,  as  to  expose  the  mountains  and 
table  lands  to  the  sunbeam,  the  atmosphere,  would 
be  set  in  rapid  motion,  and  would  resume  its  drying 
agency,  on  the  new-bom  earth,  by  transferring  the 
moisture  exhaled  from  its  intra-tropical  territories, 
to  the  cold  ridges  of  Himmala  and  Caucasus. 
Now  sprung  forth  that  great  east-wind,  which  has 
ever  since  continued  to  circulate  round  the  globe, 
and  which  as  the  ministering  spirit  of  commerce, 
mariners  love  to  call  the  trade-wind.  Soon,  indeed* 
a  foreign  force,  would  lend  its  impulsion  to  the  in- 
ternal causes  of  aeriai  cmieT\\s,  TVie'«».\£.T*.m  the 
progress  of  descent  into  tVe\iiee^eMft%cV'OT.uA?,, — 
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our  Still  unfathomed  ocean-caves,  would  take  an 
accelerating  pace,  as  do  our  ebbing  tides  when  they 
approach  their  lowest  level.  With  the  increasing 
velocity  of  deflux,  the  air  also  would  be  hurried 
along,  and  thus  conspiring  elements  would  tear  up 
and  excavate  the  great  diluvial  valleys,  which  now 
furrow  every  district  of  the  earth,  monuments 
equally  unambiguous  and  enduring  of  the  retiring 
cataclysm.  Of  the  impetus  of  that  tremendous  mass 
of  waters,  the  human  mind  can  form  no  adequate 
conception.  A  faint  idea  may  perhaps  be  acquired 
from  contemplating  the  effects  of  some  partial  floods, 
described  in  modem  history. 

In  1225  the  sea  being  raised  to  an  unusual  height 
by  a  storm  of  wind,  inundated  Holland.  The 
Rhine  at  the  same  time  swollen  by  extraordinary 
rains,  and  driven  back  by  the  tempest,  spread  its> 
waters  over  the  countries,  around  its  embouchure. 
A  calm  suddenly  supervened.  The  waters  which 
had  risen  by  rapid,  but  not  disruptive  steps,  now 
began  to  run  off  with  so  furious  a  deflux,  as  to 
excavate  and  sweep  away,  an  immense  tract  of 
ground,  the  bed  of  the  Zuyder-zee. 

In  1421,  at  another  and  more  sudden  inundation 
of  Holland,  100,000  of  its  inhabitants  were  drown- 
ed ;  a  hundred  villages  were  engulphed  j  and  in 
its  retreat,  an  ocean-channel  was  scooped  out  near 
Dordrecht,  where  that  great  arm  of  the  sea  called 
the  Bies-Boos  stretches.  We  may  now  understand 
how  the  granites  of  the  upper  Vivarais  were  torn 
asunder  into  their  present  frightful  precipices  and 
fa9ades ;  how  the  gigantic  obelisks  oS  'Ocva  t^^^ 
and  Pyrenees'  were   insulated  {lom  \!t\e\Y  -^laxwA. 
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fully  tliree  of  aqueous  surface,  to  one  of  eartliy. 
Or  since  diy  ground  is  the  heating  surface,  and 
water  is  tlic  cooling;  the  lieating  faculty  of  that 
ancient  globe  would  have  been  three  times  greater 
than  the  present,  and  its  coohng  faculty  three 
times  less  ;  making  a  ninefold  diiference  in  calorific 
constitution  between  the  two,  without  taking  into 
account  the  proper  lieat  of  the  antediluvian  seas. 

t  Under  such  circumstances  of  heat  and  aridity, 
vegetation  must  have  pined,  or  most  probably 
expired,  except  in  a  few  narrow  bands  of  soil  along 
the  margin  of  the  sea;  as  is  now  exemplified  on 
the  Barbary  shores.  If  we  suppose  tliat  only 
one-half  of  the  primeval  land  perished,  at  the 
deluge,  and  that  half  possibly  a  great  continent, 
(corresponding  to  the  Pacific  Ocean,)  which  might 
form  the  whole  world  to  the  antediluvians,  unversed 
as  they  evidently  were  in  navigation,  then  the  area 
of  their  dry  land  would  have  been  equal  to  that  of 
their  seas.*    And  the  general  climate  of  their  globe, 

'  This  dil&rence  of  temqueous  constitution  between  the  old  worid 
■od  the  new,  maf  perhaps  be  made  more  intelligible  by  a  Bimple  numer- 
ical Btateraent  Calling  the  total  area  of  the  globe  12,  of  which  «t 
present  fully  9  are  water  and  3  land ;  then  if  three  parts  of  land  were 
perrnanntly  drowned  at  the  deluge,  there  muit  have  existed  prerionsly 
6  parts  of  land,  and  9 — 3—6  of  water.  The  heating  surface  (the  dry 
ground)  would  then  have  been  double ;  and  the  cooling  surface  (the 
water)  only  two-thirds  of  its  present  amount.  Now  the  general  tem- 
queous  climate,  in  so  far  as  the  solar  influence  is  concerned,  is  as  the 
heating  surface  directly,  and  as  the  cooling  sur&ce  bversely;  that  ia,  at 
3  to  I;  but  8  divided  by  \=^  The  calorigenons  quality  would  there- 
fore on  such  a  globe  have  had  an  intensity  threefold,  of  what  it  has  in 
the  present  state  of  things ;  which  state  may  be  represented  by  1  directly, 
and  3  inversely ;  but  ^  divided  by  ^  is  obviously  ^,  ca  the  actual  ratio  of 
beat  to  the  ancient  ratio,  reckoned  unity.  The  dryness  of  the  air  would 
a/so  be  proporUonally  greater,  so  ftisi  ftit  Ict  ^m.,  ^rdiminary  to 
dqwaition  of  nun  drops,  wtwAd be  ■KttMakA*'"*^!.^^^^^**  1^m». 
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as  far  as  depended  on  the  constitution  of  its  surface, 
would  have  been  three  times  warmer  and  drier 
than  the  present.  This  by  no  means  implies, 
however,  thermometric  and  hygrometric  degrees 
three  times  higher  than  the  present  Besides,  the 
hotter  surface  of  the  land  would  be  compensated 
by  a  greater  radiation  of  beat  into  space,  and  the 
hotter  surface  of  the  seas  by  a  more  copious  eva- 
poration of  water  into  the  mr.  Still  that  incontes- 
table physical  principle  will  perfectly  account,  to  a 
certain  extent,  for  the  higher  temperature  which 
prevailed  in  our  latitudes  in  antediluvian  times, 
and  for  the  sudden  and  vast  refrigeration  induced 
by  the  deluge.  I  do  not  presume  to  define  the 
numerical  proportions  of  land  and  water  on  that 
ancient  globe  ;  but  I  maintain  that  such  a  mighty 
diluvian  catastrophe,  as  it  suffered,  could  not  be 
accomplished  by  any  powers  of  nature,  which  the 
laws  of  inductive  logic  authorise  us  to  employ, 
namely  general  explosive  and  disruptive  forces  of 
volcanic  origin,  without  increasing  the  area  of  the 
sea,  at  the  expense  of  the  land. 

We  mngt  inoreoTer  keep  in  view  the  incrcBiiiig  obstrnction  of  the 
central  heat  after  eiich  BnccAssive  catBitrophe.  "  Caloric  p«natntea 
solid  magses  bo  slowly,"  iays  M.  Fourier,  "and  etpedally  snch  toUda 
as  coti8titnt«  the  enrelope  of  the  terreBtrial  ball,  that  the  interrm- 
tion  of  a  rery  few  lei^ea  of  tayen,  wonid  be  Buffideot  to  reader 
inappreciable  the  impreaaion  of  the  most  intense  heat,  for  twenty 
centnriea."  This  propoution  ii  folly  confirmed  by  the  experiments 
of  M,  Biot  OD  the  propagation  of  heat  in  aolidt,  eren  of  the  best 
coodncting  class.  A  copper  bar,  about  5  feet  long,  had  one 
extremity  plnnged  into  melted  lead,  while  a  series  of  thermometer- 
bnlba  were  inserted  into  sDcceenve  holes  &\\e&  -wi^  tmskqx^, 
placed  along  its  length,  at  interrds  of  4  iinJwiB.    T^«  W\a««*. 
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table  exhibits  the  differeaceB  of  tempentore  at  these  eqni-dbtaat 

Distances  from  focua,  6  7  8  9  10  12  H  16  18  SO 
Tlierm.  dif.  for  4  in.  15'  12'  10"  8^'  SJ"  4)°  ^°  l\°  1^"  1° 
Thus  tre  see  tliai  an  interval  of  4  inches  uear  the  hot  end  made  a. 
fall  of  temperature  equal  to  15°,  wbila  t}ie  aamc  interval  near  the 
cool  end  caused  a  fall  of  only  J  of  a  degree.  In  like  manner,  if  tlie 
increase  of  temperature  lieneath  the  surface  of  the  earth  be  about 
1"  F.  for  every  65  feet  of  descent  within  the  narrow  range  arces^- 
ble  to  raan,  or  at  the  cold  extremity  of  the  mineral  colonins,  it 
ODght  to  be  progressively  greater  at  more  (oiisiderable  depths, 
aniountinf;  to  many  d^ees  for  the  same  interral  of  apace.  We 
may  therefore  nafely  conclude  that  the  interposition  of  moat  ini' 
perfect  conducting  strata,  to  the  thickness  of  5200  feet  on  the 
bottom  of  the  primeval  ocean,  would  cauac  a  <limiiiutiou  of  initial 
beat  in  the  sea-bed,  of  at  least  80°  Fahr.  between  the  coal'measnra 
epoch,  and  that  of  the  npper  courses  of  the  tertiary  stntA.  And 
finally,  when  the  ocean  was  transferred  from  Ita  first  basin,  otct  the 
mouDtiuii  and  table  lands,  so  considerably  removed  from  the  infln- 
ence  of  the  central  heat  at  their  elevation  from  the  primordial 
abyss,  its  waters  would  he  inatantaneonsly  chilled  by  the  trana- 
nuion.  Let  us  call  to  mind  that  the  force  which  brought  forth 
the  erupted  rocks  waa  expansive,  and  would  natiualljr  form 
immense  subterranean  vaults,  interceptors  of  the  interior  heat, 
whose  extensive  commonicationa  round  the  globe  are  iHt>ved  by 
the  phenomena  of  earthquakes  and  volcanoes. 

Evaporation  is  the  grand  procesa,  whereby  the  exceuive  beat* 
^merated  by  the  sonbeam  are  tempered  ;  and  we  may  judge  of  its 
coolii^  powen  by  the  following  eiperiineiital  (act.  By  the  spoD- 
taneous  evaporation  of  one  part  of  water,  from  the  aurfece  of  32 
parts,  at  the  genial  warmth  of  62°  Fahr.  the  remainini;  31  will  be 
rendered  ice-cold;  and  by  ^e  evapoiation  of  1  parte  more,  tbe 
residuary  27  will  be  changed  into  ice.  On  these  data,  Dr.  Wollaston 
constructed  hie  el^ant  instrument  the  cryopkorut,  or  frost  carrier. 
The  cold  produced  by  evaporation  is  very  beautifully  shown  also 
in  Professor  Leslie's  powerful  mode  of  making  ice  in  vacuo.  If 
faia  baun  of  freezing  water  be  covered,  however  loosely,  with  a 
disc  of  any  lund,  aa  gWs,  taeUi\,  qt  -wood,  \3ii&  evaponiUoa  beii^ 
anapeoded,  the  freezing  trnmeAttS^ij  »W^  »»&  ^^«>»%  >i»Gn^ 
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But,  geographical  pbenomena  may  perfi^  be  deemed  by  many 
penona  Btill  moTe  conclnUTe  as  well  as  appoute  illnstratiaiia  of  our 
present  argument. 

The  cooling  inflnence  of  eraporation,  in  legiona  othenrise  Tery 
hot,  has  been  renuiHisbly  erinced  in  Guiana,  where  the  inhabitants, 
lifing  within  fire  degrees  of  the  Hne,  on  the  borden  of  immense 
f(»esta,  the  Inxoriant  growth  of  manhy  lands,  were  obliged  a 
century  ago,  to  alienate  the  severity  of  the  cold  hy  evening  Grea. 
The  diunsge  of  the  soil  since  then,  has  faroared  the  natnral  pro- 
duction of  the  heat  to  such  a  degree,  that  a  fire  in  a  parlonr  would 
now  feel  intolerable.  Even  the  rainy  season  haa  been  shortened, 
and  thnadery  meteors  haTe  been  diminished  in  consequence  of  the 
drying  of  the  ground. 

Hie  effect  of  a  predominant  snr&ce  of  water  orer  that  of  land, 
in  chilling  a  climate,  is  well  shown  in  the  greater  coldness  of 
Eastern  Uian  of  Western  Ana.  The  latter  being  in  contact  on  its 
eovthem  and  eastern  boandaries,  with  a  wide  expanse  of  ocean,  is 
subject  to  severe  cold  and  moisture,  under  latitudes  which  are 
temperate  in  the  former.  Aa  the  western  r^on  is  protected  by 
Europe  on  die  west,  from  the  refrigerating  influence  of  the  Atlantic 
eraporation,  and  supplied  by  soathem  winds  with  streams  of  hot 
and  dry  air  from  the  glowing  plains  of  Africa,  it  enjoys  a  compsi»- 
tirely  genial  climate,  in  zones,  which  towards  the  east  become 
inhospitable.  Had  the  space  occupied  by  the  Indian  ocean  been 
dry  land,  the  nortbem  districts  of  Hindoetan  under  the  tropic  of 
Cancer,  where  a  delightful  mildness  now  prersils,  would  have 
rivalled  in  heat  and  sterility  the  hnming  mods  of  Zaara.  Hence 
we  see,  that  if  two  terraqneoos  globes,  placed  at  equal  distances 
from  the  son,  differed  merely  in  the  ratio  of  dry  and  aqneoos  sur- 
face, the  mean  temperature  of  their  respective  climates  would  be 
directly  as  the  extent  of  their  land,  and  inversely  as  that  of  their 
water. 

"  The  trade  winds,"  says  Mslte  Bnm,  "  by  blowing  contiDnaUy 
from  the  east  over  the  sea,  contribute  to  render  all  the  maritime 
coasts  on  the  eastern  side  c«lder  tban  those  coasts  which  look  to 
the  west.  On  the  other  hand,  the  more  a  continent  extends  from 
east  to  west,  the  more  those  winds  are  heated  by  passiog  over  the 
lands  scorched  by  the  sun.  This  is  the  r«ssaa  wb^  <&«  Kti'C'%»» 
or  Caribbee  /siands  enjoy  so  moderate  a  tdm^exahum,  'vAt^  'Swo^ 
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gsmbia  is  aiHict«i]  with  the  most  oveqMwering  heal  of  which  we 
hsve  any  example."* 

St.  Helena,  on  the  aanie  parallel  with  the  bqrning  plniuB  of  coo- 
tineotal  Africa,  atfordH,  pcrbaps  the  moat  iuuructiTe  example  of 
the  iiiflaeace  of  a  caQtermiiiouR  aqueous  Hurface,  in  refrigi; rating 
the  land.  Though  less  than  16°  from  the  equator,  the  climate  of 
St.  Helena  ia  remarkably  cool  and  salubrioiu.  lu  James's  Town 
the  thermometer  seldom  risen  above  B0°.  In  the  country  the 
temperature  is  atill  more  mild ;  being  acarcely  ever  ao  hot  and 
Berer  so  cold  as  in  England,  lu  Home  eeBBoiiH,  the  thermometer 
does  not  rise  higher  lu  summer  than  to  the  72d  degree  in  the 
Uiteiior  of  the  island.  The  average  of  the  year  ia  from  66°  to  78° 
■t  Jamea's  Town,  where  the  sonbeama  are  concentered  by  reflectioD 
from  rocks;  from  61°  to  73°  at  tbe  Plantation  house;  and  frotn 
66°  to  68°  at  Lon^ood. 

Likewiae  at  SumBtia  nnder  tbe  line,  tbe  temperature  of  the  wr 
ia  seldom  higher  than  85°,  while  in  Bengal,  22°  northwards,  it  riaea 
GODsidenbly  above  100°. 

Tbe  vast  extent  of  tbe  antarctic  seas,  the  tot&l  abaence  of  any 
great  expanse  of  land,  and  tbe  form  of  dte  continenta,  wfaicb  ter- 
mioste  towards  tbe  sonth,  almost  in  pointa,  concnr  to  demoDstnte 
tbe  chilling  influence  of  predominant  water.  Here  for  example  in 
tbe  ialand  of  Terra  del  Fuego,  in  that  of  Sandwich,  and  in  several 
Otbera  situated  no  further  from  the  equator  than  Great  Britain, 
namely,  from  tbe  54tb  to  die  57tb  degree  of  aoutb  latitude,  the 
motintaina  even  in  tie  toulhem  nttnmer,  mmtm  covered  with  tnoto, 
guite  to  the  thorn  of  the  ata.\ 

In  &ct,  it  is  only  at  a  distance  from  tbe  sees,  that  tbe  eartby 
surface  of  the  globe  attains  ita  greatest  heat  and  dryness.  Mnngo 
Park  relates  that  in  the  districts  of  A  frica  which  he  passed  through, 
when  tbe  wind  blew  ^m  the  east  and  north-east,  the  gronnd 
became  ao  hot,  iheX  even  the  negroes  accustomed  as  they  were  to 
that  ardent  climate,  conld  not  bear  to  touch  it  with  dieir  naked 
feet.  While  reclining  in  Lis  bnt  of  reeds,  be  could  not  hold  forth 
bis  hand  against  the  coirent  of  ur,  which  entered  the  crevices, 
without  feeling  acute  pain  from  its  scorching  effecta.  Bnt  in  tbe 
southern  districts  of  the  same  countty,  which  abound  in  wood 

•  Syatnn  of  Oeogra^y,  V.  Wl .  \  'SW»*'ftr4i\,\.  Vi^. 
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uid  water,  tlie  cUmate  becomes  for  more  temperate,  under  an 
equally  fervid  bud. 

In  exteDaire  bland  plaini,  where  tbere  is  no  cause  to  digtnrb  the 
equilibrium,  to  promote  the  mixture  of  different  currenM  of  air,  and 
where  evaporation  is  scanty  for  want  of  water,  it  seldom  or  never 
rains,  as  the  atmosphere  can  hardly  reach  the  point  of  aatnralion. 
On  acconnt  of  the  dirainiihing  moistare,  the  rain  experienced  in 
the  Karro  or  Caffrarian  desert  is  now  much  lest  than  in  former 
tiroes.  A  similar  chan^  has  taken  place  in  the  steppes  of  central 
Asia.     In  the  desert  plains  of  Africa  raia  very  rarely  falls. 

"  When  I  was  at  Tozer,"  says  Dr.  Shaw  in  his  Travels,  "  w6 
had  a  small  drizzling-  shower  that  continued  for  the  space  of  two 
hoore ;  and  so  little  provision  was  made  agEunst  accidents  of  the 
kind,  that  several  of  the  bouses  (bnilt  only  widi  palm  brancbea 
and  tiles  baked  in  the  snn)  fell  ilown  by  imbibing  the  moistm«." 

Along  the  coast  of  Peru  run  is  so  very  rare  an  occurrence,  that 
its  appearance  in  any  particular  season  is  noticed  as  a  remarkable 
event ;  but  an  ample  supply  of  moisture  is  afforded  by  the  ganuu 
or  dense  fogs,  which  prevail  duing  the  greater  part  of  the  year, 
in  that  eitraordinary  region. 

In  Egypt,  likewise,  rain  is  hardly  known,  and  in  the  pluna  of  the 
kingdom  of  Yemen,  a  whole  year  passes  sometimes  without  it. 

I  shall  conclude  the  preceding  enumeration  of 
facts,  demonstrative  of  the  influence  which  mois- 
ture has  in  lowering  the  temperature  of  the  earth, 
with  some  general  remarks  on  the  subject. 

When  water  rises  in  vapour  and  forms  clouds, 
the  vast  quantity  of  heat  expended  in  this  operation, 
is  in  a  great  measure  lost  to  the  earth.  A  notion  at 
one  time  prevailed,  that  on  tiie  transition  of  invisi- 
ble vapour  into  a  vesicular  or  nebulous  mass,  the  heat 
consumed  in  raising  the  vapour  was  remitted  back 
to  the  air,  and  thence  restored  to  the  terrestrial 
ball.  But  Dr.  Wells  has  proved  that  the  rise  of 
temperature,  which  the  air  and  surface  o^  ^!&st 
ground  indicate  when  transpaTcnt  "saipoux  \ie^'aTO.es. 
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a  vesicular  fleece,  is  not  perceptibly  due  to  the 
latent  heat  of  the  vapour  now  become  sensible,  but 
simply  to  the  dissipation  from  the  earth,  of  radiant 
heat  into  space,  being  now  intercepted  by  the  reflect- 
ing canopy  of  cioud.  Indeed  the  expansive  nature 
of  caloric,  and  the  non -conductive  faculty  of  air, 
in  common  with  other  fluids  in  a  downward  direc- 
tion, preclude  U3  from  supposing  that  the  warm 
strata  of  the  upper  regions,  can  communicate 
appreciable  heat  to  the  lower.  Clouds  in  reality,  act 
in  regard  to  the  earth  in  one  sense,  as  clothing  to 
our  bodies  ;  they  obstruct  the  dispersion  of  the  heat. 
But,  in  another  sense,  and  a  very  manifest  one,  the 
clouds  chill  the  earth,  by  intercepting  and  throwing 
back  into  celestial  space  the  calorific  influence  of 
the  sun.  Hence  the  coldness  which  reigns  often 
in  our  midsummer  days,  simply  in  consequence  of 
a  dense  veil  of  clouds  quenching  or  repelling  the 
solar  beam.  In  general,  the  low  temperature  result- 
ing from  an  excess  of  aqueous  over  terrene  surface, 
may  be  traced  to  two  causes. 

1.  The  refrigerant  process  of  exhalation  is  inces- 
sant J  for  the  vaporous  atmosphere  incumbent  on 
the  humid  plane,  in  seeking  the  statical  equilibri- 
um, floats  over  the  relatively  drier  grounds  in  the 
neighbourhood,  rolls  away,  and  thus  suffers  a  con- 
stant series  of  aqueous  particles  to  be  thrown  off 
with  their  charge  of  latent  heat. 

2.  At  certain  pknes  of  elevation  in  the  atmo- 
sphere above  the  humid  region,  successive  strata  of 
clouds  are  formed,  which  nearly  nullify  the  calo- 
rific power  of  the  8un. 

For  these  reasons,  at\ueo\i&  touwvnes  -wom^^X^.. 
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come  much  colder  than  we  have  shown  them  to  be, 
were  it  not  for  aerial  currents,  which  introduce 
masses  of  genial  air  from  drier  districts,  and  thus 
clear  up  the  sky  for  a  season.  Causes  of  this  kind 
for  example,  modify  greatly  the  climate  of  Ireland  j 
a  country  which,  according  to  Humboldt,  presents 
one  of  the  most  remarkable  instances  of  the  union 
of  cold  summers  with  mild  winters.  The  mean 
temperature  in  Hungary  for  the  month  of  August 
is  71.6";  while  in  DubUn,  it  is  only  60.8°. 

In  reference  to  cherishing  animals  and  plants, 
climate  depends  much  more,  in  Humboldt's  opinion, 
on  the  annual  amount  of  solar  radiation,  than  on 
mean  temperature,  particularly  if  this  be  merely 
moderate,  with  much  moisture.  It  is  the  dry  and 
bright  sky  which  renders  tropical  regions  the  abodes 
of  the  plants  and  animals  that  characterise  them. 
.The  lion,  elephant,  and  rhinoceros,  as  well  as  the 
palms,  will  thrive  in  dry  climates,  though  the 
nights  be  even  chilly.  From  the  travels  of  Ehren- 
berg  and  Hemperich  in  the  Desert  of  Dongola, 
under  the  19th  degree  of  latitude,  we  learn,  that 
in  December  the  thermometer  sunk  to  38"  Fahr. 
"  Thus,"  says  Humboldt,  "we  find  Africa  with  all 
its  rich  vegetation  may  become  colder  than  Amer- 
ica,  and  this  not  on  the  margin  of  the  tropics  but 
in  tlieir  very  centre.  We  can  now  readily  under- 
stand  how  on  a  terraqueous  sphere,  whose  land 
was  increased  and  water  diminished  in  a  moderate 
degree,  the  cUmate  might  have  been  so  much  war- 
mer, drier,  and  brighter,  that  animals  and  plants  at 
present  confined  to  tropical  zones,  might  ftovmsKVa- 
Ar  higher  Jatitudes.     With  a  terta*\aftou4  x^<\q  o1 
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equal  area  such  as  we  have  assigned,  the  equatorial 
zone,  judging  from  what  we  know  of  the  present 
globe,  would  be  then  uninliabitablc,  and  the  animals 
would  be  compelled  to  migrate  in  searcli  of  shelter- 
ing (brests,  refreshing  fields,  and  waters,  towards 
the  parallels  of  France  and  Germany.  And  as  the 
progress  of  desiccation  now,  is  spreading  the  sandy 
deserts  nearer  and  nearer  to  the  Mediterranean 
shores,  so  the  same  cause  acting  with  proportionably 
greater  power  on  the  hotter  and  drier  primeval 
globe,  would  compel  its  gigantic  tribes  to  roam 
towards  the  polar  circles.  Here  accordingly  they  ex- 
isted at  the  period  of  the  deluge,  here  they  perished, 
and  found  sepulture,  some  in  the  diluvial  gravel,  and 
others  in  the  ice  which  immediately  invested  the 
poles  when  the  circumfluent  waters  chilled  the 
surface  of  the  sphere. 

That  these  circumpolar  ices  formerly  descended 
on  our  globe  into  latitudes  much  lower  than  at  pre- 
sent, involving  diluvian  gravel  in  their  mass,  may 
be  inferred  from  the  huge  ruins  of  diluvian  glaciers 
in  Denmark,  as  well  as  from  the  carcasses  of  fossil 
animals  found  entire  in  Siberia. 

Ab  to  the  former  fact,  ProfeHHOr  Estnark  has  adduced  eatisfac- 
tory  proofe  of  immense  fields  of  ice  having  fonnerly  existed  in 
Norway,  in  places  where  no  perennid  ice  is  any  longer  to  be  found. 
Near  Slavanger  chnrch  in  Lat.  58°  58',  there  is  a  remarkable 
glacier-dyke  or  rampart  of  gisTel,  close  to  the  sea,  in  a  district 
where  only  a  few  heaps  of  perpetual  snow,  in  hollows  of  the  monn- 
taina,  lie  sloping  to  the  aoith-«aBt,  at  from  2000  to  3000  Rheni^ 
feet  above  the  level  of  the  sea.  The  length  of  the  rampart  across 
the  valley  from  mountain  to  mountain  is  2250  feet,  its  perpendicn- 
lar  height  above  the  plain  100.  It  consists  of  coarse  gravel  and 
sand,  mixed  with  a  great  maik^W^e^iWVA  o^^D^w&^xW^iewlin^ 
rock  of  the  mountain.     THe  Pro^eBBoi  ftiiriM  xVa  &Ve  coii»4  \an« 
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been  fortned  only  by  masaM  of  ic«i  which  at  one  time  filled  np  the 
whole  valley,  and  by  their  preHanre  hollowed  oat  the  bottom  into  its 
■eriee  of  3  lakes.  On  the  plun  below,  there  u  no  trace  of  gmvel 
carried  down  from  that  dike,  which  must  have  occurred  if  it  had 
been  accumalHted  by  water  alone.  Indeed,  not  only  the  dike  itself, 
but  the  whole  horizontal  surface  exhibits  proofs  that  there  has  been 
K  glacier  here,  for  the  plain  exactly  resembles  those  adjoining  to  the 
glaciers  presently  existing  between  Londfiord  and  Lomb  in  Gnld- 
bisndsal,  where  the  Professor  had  recently  travelled.  A  sldlfnl 
mineralogist  who  accompanied  him,  was  so  struck  with  the  aimi- 
buity  between  the  two,  that  immediately  on  seeing  that  at  Lomb, 
he  excltumed  (hat  the  dike  at  Stavenger  must  alio  be  a  glacier-dike. 
The  principal  glacier  in  the  valley  of  Boredhus  descends  from  3000 
feet  above  the  sea  to  1400,  with  a  moraine  or  dike  of  earth  and 
stones  in  front,  from  600  to  800  feet  broad.  Mr.  Eemark  con- 
cludes that  the  Norwegian  mountains  were  anciently  covered  with 
ice  down  to  the  level  of  the  sea,  and  therefore  that  the  sea  itself 
most  have  been  froieo. 

The  facts  and  observations  just  detailed,  seem 
adequate  to  prove  that  the  events  of  the  deluge 
involved  such  a  change  in  the  terraqueous  constitu- 
tion, as  rendered  the  surface  of  the  glohe  much 
colder  and  moister  than  it  had  previously  been. 
These  causes  reached  their  maximum  at  that  disas- 
trous era,  and  have  ever  since  been  gradually  but 
slowly  abating,  as  I  shall  endeavour  to  show  in  the 
sequel.  Meanwhile,  it  may  be  proper  to  notice 
a  few  prominent  facts,  indicative  of  the  great  and 
sudden  fall  of  temperature  in  northern  regions. 

And,  in  the  first  place,  the  almost  incredible 
number  of  bones  of  fossil  elephants  found  in  nor- 
thern Siberia,  which  betray  no  marks  of  having  been 
rolled  or  transported  from  a  distance,  attest  the 
existence  on  itsplains,  of  huge  herbivorous  animals 
at  that  distant  epoch.    These  AemonaUaN*.  'Coa.\.  ^ 
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vigorous  vegetation  clothed  countries  now  covered 
■with  frost  a  great  part  of  the  year,  where  even  in 
summer,  steriUsing  cold  and  humidity  perpetually 
reign,  and  where  at  present  the  rein-deer  can  hardly 
pick  up  from  beneath  the  snow  its  scanty  mouthful 
of  moss. 

Pallas  says  that  Iroin  the  Don  (the  Tanais)  to  Tchotakoinosi, 
there  ia  scarcely  a  river,  on  the  banks  of  which,  bones  of  the  ancient 
elephant  may  not  ha  round.  They  are  iinhetldcij  in,  or  loosely  cov- 
ered wilh  diluvial  matter,  intennixed  with  a  few  marine  produc- 
tions. But  the  most  extraordinary  fact,  one  perfectly  accordant, 
however,  wilh  our  principles,  is  that  of  all  places  in  the  world  most 
thickly  stored  with  elephiinw'  bones,  are  certain  island*  of  the  ley 
■ea,  to  the  north  even  of  Siberia,  oppoaita  the  abore,  which  sepa- 
rates the  month  of  the  Lena  from  that  of  the  Indigiraka.  The 
IJaikof  isles  are  in  a  great  meaanre  formed  of  bones  of  the  elephant, 
rhinoceroe,  buffalo,  be.,  mixed  with  sand  and  fossil  wood.  Th«« 
is  indeed  no  canton  of  Siberia  whose  soil  does  not  teem  more  or 
less  with  elephants'  bones. 

Whether  these  animals  in  their  living  state  were 
covered  with  wooWy  hair  at  the  roots  of  their  long 
hair,  like  that  whose  carcass  was  disengaged  so 
entire  from  a  field  of  ice  on  the  banks  of  the  Lena 
in  1803,  that  the  dogs  and  white  bears  fed  upon 
its  flesh,  or  whether  they  had  naked  skins,  like 
existing  elephants,  still  they  must  have  required  an 
enormous  supply  of  vegetable  food.  Their  gigan- 
tic  companions,  the  rhinoceros,  hippopotamus, 
mastodon,  and  tapir,  also  imply  the  existence  of 
luxuriant  herbage  to  satiate  their  voracious  appe- 
tites. The  fresh  carcass  manifestly  shows  that  the 
animal  perished  along  with  its  kindred,  in  a  sudden 
revolution,  accompanied  by  a  sudden  change  of 
climate,  which  prevented  the  rapid  decomposition 
of  its  flesh  and  their  tones,  vAiic^  m\)L?x.\a\e.  ^:i6jeft. 
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place  had  the  hot  climate  continued  which,  raised 
their  vegetable  food.  "Every  hypothesis,"  says 
Baron  Cuvier,  ■  "  of  a  gradual  cooUng  of  the  earth, 
or  a  slow  variation  in  either  the  inclination  or  the 
position  of  the  axis  of  the  globe,  is  inadmissible." 

At  the  present  day,  neither  the  oak,  the  hazel,  the  elder,  the 
plane,  nor  the  wild  apple  cou  endure  the  Siberian  winters.  These 
treea  digBppear  in  the  neighboorhood  of  the  Uralian  monntaiiu,  eren 
on  the  banks  of  the  river  Tobol,  a  prodigiona  distance  seathwards 
of  the  elephants'  grsveB.  The  lime  and  the  ash  cease  abont  the 
Irtjrsh ;  the  pine  wliicli  in  Norway  reaches  the  parallel  of  70°, 
does  not  in  Sberia  pass  the  60th  degree.  The  silver  fir  goes  no 
farther  than  58°.  At  60°  potatoa  are  no  larger  than  peas,  and 
the  cabbage  grows  no  head.  On  the  eastern  side  of  the  Lena,  even 
the  Pimtf  eembra,  or  Siberian  cedar,  the  most  hardy  of  trees, 
becomes  qnite  dwarfish,  though  it  still  preserves  its  proportions. 
The  pynu  baccata  or  wild  pear  of  Daooria  yields  merely  a  tasteless 
fruit,  of  the  size  of  a  cheny.  In  Western  Siberia  on  the  OU, 
agriculture  disappears  at  the  60th  degree  of  latitude.  Thus  three- 
fifths  of  Siberia  are  not  ansceptible  of  any  cnltore.* 

Secondly,  the  ruins  oS#vegetable  life  buried  in 
our  frozen  circumpolar  strata,  clearly  attest  the 
gonial  climate  which  prevailed,  and  cherished  their 
growth  on  the  primeval  earth. 

Mr.  KOnig  of  the  British  Museum  wbo  has  drawn  up  an'  excel- 
lent report  on  the  rock  qtedmois  collected  by  Captun  Pany, 
during  his  nordem  voyage  of  diacovery  performed  in  the  yean 
1819  and  1820,  gives  us  tlie  followii^  interesting  inibmution  con- 
cerning Melville  island : 

"  The  principal  fbrraation  of  the  island  appears 
to  he  the  floetz  sandstone,  with  the  subordinate  one 
of  coal  and  ironstone.  The  two  specimens  of  sand- 
stone, containing  the  above  mentioned  fossils,  fy-ilo- 

*  HalteBrun,Geogn9h>,T«L\\.'Bo<^%t. 
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iite  and  joints  of  the  stem  of  an  encrinus,  are  pretty 
similar  in  appearance  to  those  others  brought  from 
'  Melville  Island,  which  abound  with  the  vegetable 
remains  characteristic  of  the  coal  sandstone.  These 
are  for  the  most  part  merely  impressions,  and  filmy 
carbonaceous  remnants  of  leaves  (or  fronds  with 
ovate-lanceolate  leaflets)  and  stems  which,  by  their 
regularly  placed  oval  marks,  indicate  that  the  pro- 
totypes belonged  to  the  arborescent  ferns,  which  we 
observe  in  such  great  abundance  in  the  coal  sand- 
stone of  more  southern  latitudes  ;  a  proof  that  the 
hyperborean  region  "where  they  occur,  at  one  time 
displayed  the  noble  scene  of  a  Itueuriant  and  stately 
vegetation.  There  is  also  among  the  specimens  of 
sandstone  from  the  same  place,  one  bearing  the 
impression  of  a  thin,  longitudinally  striated  stem, 
not  unlike  that  of  some  reed." — Journal  of  Science, 
vol.  XV.  p.  20. 

In  the  firat  fasciculus  of  Sternberg's  Flora  of  a  former  world, 
there  are  thirteen  Ggores  of  different  anknown  tre«B,  many  of  wMch 
belong  to  the  family  of  palms.  All  the  genera  ennmerated  in  thkt 
raliuble  work,  are  met  with  in  the  coal-fields  of  Scotland  and 
England,  and  one  of  them  has  been  observed  in  a  piece  of  sandstone 
brongbt  from  Melville  Island  by-the  discovery  ships.  The  Caia- 
mythit  pseudo-bambusia,  represented  by  Sternberg,  Table  XIII. 
Fig.  3,  is  80  completely  like,  in  the  jointed  arrangement  of  its  stem, 
&C.  to  the  palmte  figured  in  2,  5,  and  6,  of  the  trsrels  of  Prince 
Newied  in  Brazil,  that  although  the  species  cannot  be  determined, 
there  is  a  perfect  resemblance  in  the  generic  characters. 

Two  of  the  enigmatic  phenomena  belonging  to 
the  primeval  globe,  for  which  no  probable  hypo- 
thesis has  hitherto  been  offered,  seem  therefore  to  be 
directly  deducible,  or  rather  spontaneously  flow, 
fi'om  the  principles  of  leTtat^vieous  disAi^M'Cxwv  ^\^ 
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viously  developed.  The  first  enigma  is  the  vast 
extent  and  magnitude  of  volcaoic  agency  in  that 
ancient  world,  as  indicated  especially  in  its  hasaltic 
fa9ades  and  domes  of  porphyry ;  compared  to  which 
every  volcanic  monument  erected  within  the  scope 
of  history,  shrinks  into  insignificance. 

If  the  antediluvian  seas  had  a  superficial  area,  less 
than  ours,  their  depth  would  be  proportionally 
greater.  Resuming,  for  the  sake  of  illustration,  our 
former  ratio  of  an  equality  between  the  land  and 
water  (the  doctrine  of  Deluc  and  Penn  assigns  3  of 
the  former  to  1  of  the  latter),  the  antediluvian  ocean 
would  be  to  the  postdiluvian  In  surface  as  2  to  3  ; 
and  in  depth  as  3  to  S ;  whence  the  sea  would  then 
penetrate  one- half  further  into  the  crust  of  the  earth, 
and  thus  present  along  its  base  a  most  formidable 
hne  of  proximity  with  the  fused  and  explosive 
metals  of  the  interior.  We  may  thus  also  perceive 
on  what  a  tottering  equilibrium,  the  devoted  dwel- 
ling-place of  the  Cainites  was  suspended.  During 
nearly  the  whole  period  of  its  existence,  the  penal 
fire  sent  forth  its  convulsive  prodigies,  as  if  to  repress 
the  growing  wickedness  of  man,  but  in  vain. 
Mighty  memorials  of  these  tremendous  earthquakes 
pervade  the  whole  masonry  of  the  antediluvian 
earth,  from  the  deep  carboniferous  limestone,  to 
the  uppermost  tertiary  beds.  Afler  many  a  disre- 
garded presage,  however,  the  disruptive  consum- 
mation arrived,  the  deluge  rushed  over  the  subverted 
lands,  and  a  more  stable  terraqueous  equilibrium 
ensued.  Yet,  for  some  time,  the  residuary  diluvial 
waters,  would  soak  freely  down  into  the  still  yawning 
crevices  of  the  crust,  and  provolte  ite^  eiM^'^iwa* 
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almost  rivalling  those  of  the  primeval  ages.  To 
this  epoch  obviously  belong  those  vast  lava  torrents 
of  extinct  volcanoes  in  France,  Germany,  Italy, 
Hungary,  &c.  of  whose  activity,  there  is  not  a 
traditional  vestige ;  probably  because  the  eruptions 
occurred  before  the  posterity  of  Noah  had  colonised 
these  western  countries. 

Tlie  second  fossil  enigma,  which  the  superior 
depth  of  the  primeval  seas,  enables  us  completely 
.to  solve,  is  of  still  greater  interest  than  tlie  first 
to  the  natural  history  of  the  earth.  "  In  the  organic 
beings  buried  in  the  shelly  strata,"  says  Humboldt, 
"every  thing  astonishes,  and  nothing  can  be  ex- 
plained, as  to  the  climate  which  gave  them  birth." 
To  the  many  proofs  of  this  proposition  formerly 
given,  we  shall  add  a  few  decisive  documents. 

The  observations  made  during  our  four  Arctic 
expeditions,  viz.,  the  one  under  Captain,  Ross,  and 
the  three  under  Captain  Parry,  afford,  according  to 
Professor  Jameson,  the  following  general  facta  and 
inferences : 

"  That  previous  to  the  deposition  of  the  coal  for- 
mation, as  that  of  Melville  Island,  the  transition 
and  primitive  hills  and  plains  supported  a  rich  and 
luxuriant  vegetation,  principally  of  cryptogamous 
plants,  especially  the  ferns,  the  prototypes  of  which 
are  now  met  with  only  in  the  tropical  regions  of  the 
earth.  The  fossil  corals  of  the  secondary  limestone, 
also,  intimate  that  before,  during,  and  after  the 
deposition  of  the  coal  formation,  the  waters  of  the 
ocean  were  so  constituted  as  to  support  polyparia, 
closely  resembling  those  of  the  present  equatorial 
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"  That  previous  to,  and  during  the  deposition  of 
the  tertiary  strata,  these  now  jrozen  remans  sup- 
ported Jorests  of  dicotyledinous  plants,  as  is  shown 
by  the  fossil  dicotyledinous  woods  met  with  in  con- 
nexion with  these  strata  in  Baffin's  Bay,  and  by  the 
fossil  wood  of  Melville  Island,  Cape  York,  and 
Byam  Martin  Island."* 

The  hed;  applied  beneath  the  seas*  in  exciting 
the  internal  motions  of  the  aqueous  particles, 
caused  an  equal  distribution  of  warmth  throughout 
the  whole  body,  and  in  every  possible  direction. 
Though  the  slanting  sunbeams,  therefore,  should 
have  proved  ineffectual  to  produce  in  the  ancient 
arctic  regions  even  under  Uieir  diminished  coun- 
teracting extent  of  evaporation,  a  sufficient  warmth, 
yet  the  hot  currents  from  the  bottom^  not  only  of 
tiie  arctic  grounds  themselves,  but  frum  the  more 
southern  sea-beds,  would  by  the  laws  of  liquid 
equilibrium,  dow  towards  the  pole  in  exchange  for 
its  colder  aqueous  particles,  and  thus  maintain  a 
temperature  commensurate  to  a  vigorous  vitaHty  oi' 
the  polyparies  and  shellfish.! 

The  tircuiation  of  a  body  of  waters  thus  rendered 
tepid  by  subjacent  heat,  was  the  most  direct  method 


•Edin.  Phil.  Joum.  New  Series, vol,  II.  p.  105;  and  Capt. Parry's  third 
voyage.  C^itain  Peny  obaerred  onl;  12  or  13  speciej  ofplanU  grow- 
ing on  Melville  Island,  among  which  the  only  one  belonging  to  the  tribe 
of  abrubs,  vas  betula  nana,  which  was  there  a  creeping  vegetable,  not 
rinng  turn  inchei  above  the  ground.  No  amphUiiB,  or  reptile,  exists  in 
these  arctic  regions.    The  frog  alone  is  seen,  but  further  to  the  south. 

f  The  effect  of  subMnsnean  fire  in  healing  a  vast  bodj  of  watff,  even 
to  ths  bwling  point,  and  the  steam  over  it  under  conlpreasion,  much 
higher,  is  well  related  by  Mr.  B^d  in  lua  memcHT  on  f^  jira  Uk*  viks 
j>ite»  m  eoJlicria.—Edin.  PML  Jmm^  Jvhf,  18«a. 

2n 
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I  of  diffusing  a  genial  soft  climate  over  all  the  con- 
tiguous lands.  The  efficiency  of  this  process  will 
be  readily  appreciated  by  the  modem  horticulturist; 
wiio  has  leanied  to  heat  his  vineries,  &c.  with  eco- 
nomy and  precision,  by  circulating  hot  water  in  a 
series  of  iron  pipes  distributed  through  them. 

Under  such  circumstances  as  we  have  now 
detailed,  that  vegetation  would  luxuriate,  which 
Mr.  Konig  and  Professor  Jameson  have  so  ftilly 
recognised  amid  the  circumpolar  ruins  of  the 
ancient  earth.* 

I  am  not  conscious  of  having  employed  in  the 
preceding  investigation,  any  causes  whose  operation 
is  not  both  actual  and  sufficient  to  explain  the 
appearances.  I  leave  others  to  speculate  about  the 
igneous  origin  of  the  globe,  and  its  having  sponta- 
neously evolved  during  an  indefinite  period  of  refri- 
geration, successive  orders  of  organic  forms.  This 
hypothesis  is  founded  neither  on  natural  nor 
revealed  knowledge  ;  nor  will  it  accord  with  those 
great  and  sudden  crises  of  temperature,  which  innu- 
merable monuments  attest.  Baron  Cuvier  indeed 
has  placed  the  suddenness  of  these  ancient  revolu- 
tions of  tiie  earth  and  animated  nature,  beyond  all 
rational  doubt. 

CHAP.  VI.— ANIMAL  REMAINS  OF  THE  DELUGE. 

I  HAVE  already  described  in  Chap.  I.  of  this  Book, 
that  superficid  stratum  of  mingled  sand  and  gravel 

•  TTie  chilling  influence  of  dampa,  even  in  ihe  arctic  tone,  ii  wdl 
shown  by  the  fact,  that  dunng  Co^gj  weather,  the  thermometer  M\»  on 
the  Greenland  aeas  in  mmmsr  V>  t}ne beewi^  ^lA. (&  ^«js,«DddMf« 
remains  at:»tionwfy,  till  the  «b(  Vjcwkm*  i\<«. 
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which  covers  almost  every  region  of  the  earth,  in 
situations  beyond  the  reach  of  river  deposits,  and  to 
which  the  name  dtluviam  has  been  given,  to  denote 
the  detritus  of  the  deluge.  It  is  in  this  gravelly 
soil  that  the  fossil  bones  of  ancient  animals  are 
usually  found.  But  kindred  skeletons,  or  their 
parts,  have  been  also  discovered  in  great  numbers 
in  the  limestone  caves  of  this  and  many  other  coun- 
tries, which  are  supposed,  with  much  probability,  to 
have  been  the  dens  of  antediluvian  animals,  the  last 
tenants  of  which  were  drowned  in  the  universal 
cataclysm.  I  shall  dedicate  this  chapter  to  a  brief 
but  comprehensive  view  of  these  bony  relics,  select- 
ing the  most  interesting  objects,  and  describing  in 
particular,  the  principles  of  that  marvellous  sagacity 
by  which  MM.  Cuvier  have  taught  the  man  of 
science  to  determine,  almost  at  a  single  glance  of 
the  eye,  the  order,  family,  and  species  of  an  extinct 
animal,  from  the  inspection  of  a  single  tooth.  The 
more  ancient  organic  remains  of  the  regular  secon- 
dary  and  tertiary  strata  were  examined  in  treating 
-of  their  sepulchres.  They  bear  good  evidence  of 
having  been  inumed  at  a  period  long  antecedent  to 
the  deluge. 

These  physical  researches,  elevate  the  mind  above 
objects  simply  material ;  they  inculcate  great  moral 
truths.  In  demonstrating  that  our  earth  is  not 
peopled  with  the  same  species  of  animals  which 
existed  in  the  parent  world,  they  display  the  renew- 
ing hand  of  Providence.  The  fossil  elephants,  rhin- 
oceroses, bears,  hysenas,  &c.  exhibit  both  in  the 
individual  bones,  and  their  mutuaV  a&^\.\a.'CiOTv, 
esBential  dJfferences  from  aU  their  Usiivg  Vf?^*    ^  * 
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tlience  conclude  that  the  divine  power  wliich  raised 
the  new  earth  out  of  the  ruins  of  the  old,  must  have 
created  new  animals  to  suit  the  changed  terraqueous 
constitution.  The  races  preserved  in  the  ark  kept 
seed  alive  for  the  immediate  use  of  Noah's  family.    . 

These  animals  providentially  transported  along 
with  them,  would  become  domesticated  during  their 
dreary  voyage,  and  therefore  ready  to  tend  their 
respective  services  to  their  masters,  as  soon  as  they 
were  disembarked.  We  may  easily  conceive  how 
necessaiy  and  beneticial  the  collective  resources  of 
brute  power,  and  of  brute  instinct^  mfght  prove  to 
eight  human  beings  newly  alighted  on  a  strange 
earth.  Besides  the  aid  of  their  muscular  exertions, 
they  furnished  in  their  flesh  a  species  of  food,  now 
become  necessary  by  the  great  change  of  terrestrial 
climate,  from  ardent  and  dry,  to  chilly  and  damp. 
Hence,  animal  diet  was  not  merely  permitted,  but 
enjoined,  instead  of  the  vegetable  aliments,  to  which 
mankind  in  the  sultry  period  prior  to  the  deluge, 
had  been  restricted.  It  would,  indeed,  be  difficult 
to  imagine  adequate  natural  sources  of  subsistence, 
for  the  family  of  Noah,  uiUess  they  had  been  sup- 
plied with  herds  of  animals  of  many  kinds,  deprived 
of  their  natural  timidity  or  fierceness,  by  the  daily 
idtercourse  and  kind  offices  of  man. 

The  term  o// applied  to  the  living  things  received 
■  iato  the  ark,  has,  in  this  case,  undoubtedly  the 
modified  meaning,  so  familiar  to  students  of  the 
orietital  tongues,  and  which  was  formerly  illustrated 
by  two  decisive  parallel  passages,  from  the  Greek  and 
^febrew  Scriptures.  Had  iVve'^Teaeo.t  race  of  quad- 
rupeds been  lineal  deaCettdasAa  ^i  'iiafc  »sAR^-w\a5i» 
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WB  may  ask  whence  proceed  those  apecific  difier- 
ences  in  bony  structure,  of  which  no  corresponding 
examples  occur  among  the  skeletons  of  our  existing 
species,  however  widely  they  may  differ  in  breed, 
or  place  of  residence  ?  Thus  the  dog,  the  sheep, 
the  horse,  the  ass,  retain  their  osteology  unchanged, 
under  every  climate  and  variety  of  external  circum- 
stance. The  comparative  anatomist  can,  in  fact, 
recognise  no  such  diversities  of  structure  between 
the  several  individuals  of  any  one  living  species,  as 
are  known  to  distinguish  the  actual  elephants,  from 
the  extinct. 

Had  all  our  present  animal  tribes,  been  propa-  , 
gated  from  the  ark  which  rested  on  Ararat,  or  some 
other  lofty  mountain  in  Asia,  how  comes  it  that  the 
kanguroo,  echidne,  ornlthorynchus,  and  wombat, 
are  now  confined  to  New  Holland  ?  Not  an  indivi- 
dual of  any  of  these  remarkable  species,  h^  been 
found  in  Europe,  Asia,  Afi'ica,  or  America.  Their 
absence  cannot  be  ascribed  to  unsuitableness  ■  of 
cHmate,  for  the  kangaroo  and  wombat  have  thriven 
well  in  England ;  and  surely  our  immense  continents 
offer  them  every  variety  of  food  and  accommodation. 
Moses  by  hia  silence,  on  the  great  fact  of  the  face 
of  the  earth  being  revived  by  the  Creative  Spirit 
which  peopled  it  at  first,  can  in  nowise  be,  said  to 
contradict  it.  The  critic  who  should  construe 
omission  toto  denial,  would  find  abundant  contradic- 
tions of  that  sort,  in  all  sacred  and  profane  historians. 

Those  who  regard  all  our  actual  animals  as  the 
oflfepring  of  the  primeval  parents  which  travelled 
through  the  isthmus  of  the  ark,  v(iX\  vn  -v^u  ^fe^IcK 
types  of  our  moat  prolific  exVstrag  xajtca  MMSft% 
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those  diluvial  ruins,  where  innumerable  exuviffi 
of  the  elephant,  the  bear,  the  horse,  the  ox,  the 
deer,  are  found.  The  ruminant  class  of  quadrupeds 
are  among  tlie  most  abundant  on  our  earth,  yet 
Cuvier  after  all  his  inquiries,  declares  that  he  has 
never  been  able  to  find  a  single  characteristic  bone 
of  sheep,  goats,  antelopes,  camelopards,  camels, 
lamas,  or  roebucks.  "  I  can  only  say  with  cer- 
tainty,  that  I  have  never  seen  a  frontal  bone,  a 
nucleus  of  horn,  an  anterior  piece  of  jaw,  an 
occiput,  in  a  word  a  characteristic  bone  belonging 
clearly  to  any  one  of  these  genera,  which  very 
certainly  could  not  have  happened,  after  the 
researches  which  I  have  made  and  others  for  me, 
during  twenty  years,  liad  these  genera  been  only 
one-tenth  as  numerous,  among  the  fosssil  ones,  as 
those  of  deer  or  oxen.  Nothing  in  the  actual 
state  of  our  globe,  says  he,  can  account  for  this 
absence.  It  is  not  the  climate,  for  the  antelope 
thrives  in  hot  climates,  like  the  elephant  and 
rhinoceros ;  the  mouflons,  (the  Corsican  sheep,) 
the  chamois,  the  bouquetins,  inhabit  cold  countries, 
like  oxen  and  deer.  It  is  not  the  smallness,  for 
there  exist  antelopes  larger  than  deer ;  and  the 
bouquetin,  and  the  mouflon  surpass  the  musk  deer 
which  is  found  among  fossil  animals ;  without 
adverting  to  that  multitude  of  very  small  gnawer 
or  carnivorous  tribes  which  their  minuteness  has 
not  concealed  from  our  investigations.  If  any 
thing  can  appear  singular,  amid  so  many  singulari- 
ties, it  is,  t\\al  t\vefosm\iOTn«v^x\V^\iv^t«v^T^i:ecisely 
to  genera  and  eveu  awV^^iwct-i,  ^^- •^■^^'«t-^\, -smssl 
common  in  t\^e  coU  covitvVvve?,,  ^xx^V-^-^  '^x.^  ^>:^^^ 
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music-ox,  elk,  rein-deer,  while  the  fossil  pachyder^ 
mata  (thick-skinned  order)  such  as  the  elephant, 
the  rhinoceros,  the  hippopotamus,  the  tapir,  fall  on 
the  contrary  under  genera,  now  confined  to  the 
torrid  zone/'* 

Another  remarkable  fact  which  favours  the  idea 
of  the  existing  animals  of  the  torrid  zone,  not 
being  derived  from  the  species  whose  remains  are 
found  in  our  strata  and  caverns,  is  that  among  this 
multitude  of  great  and  little  bones,  not  one  belong- 
ing to  the  genus  quadrumanis  (ape-tribe)  has  been 
found.  Among  those  lions,  tigers,  rhinoceroses^ 
elephants,  there  is  no  trace  of  a  monkey ;  nor  is  it 
the  minuteness  of  the  bones  which  obstructs  their 
discovery,  since  fossil,  bones  of  the  common  rat 
and  water-rat  have  been  detected.  How,  for 
instance,  can  we  explain  why  those  Kirkdale 
hyaenas  which  dragged  into  their  dens,  the  dead 
bodies  and  limbs  of  both  the  greatest  and  smallest 
quadrupeds,  should  never  have  introduced  an  ape 
or  a  mdd,  unless  it  be  supposed  that  no  such  ani- 
mals existed  in  that  neighbourhood  at  the  time. 

The  theologian  may  probably  recognise  in  the 
picture  of  the  deluge  so  sublimely  sketched  in  the 
104th  Psalm,  allusions  which  favour  the  idea  of 
the  postdiluvian  earth  having  been  peopled  with 
animals  by  a  new  creative  fiat :  while  through  Noah, 
mankind  are  all  the  children  of  Adam.  "The 
waters  stood  above  the  mountains ;  at  thy  rebuke 
they  fled ;  at  the  voice  of  thy  thunder*'  (volcanic 
explosion  ?)    "  they  hasted  away.      The  mouutaitv^ 

♦  Ossemens  PousViea,  W .  %» i. 
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ascendy  the  valleys  descend  '  unto  the  placi;  wlucli 
thou  hast  founded  tor  tliem.  Thou  bast  set  a 
bound  that  they  may  not  pass  over  ;  that  they  iiim 

not  again  to  cover  the  earth Thou  bidest  tliy 

face,  they"  (beasts  b<Hh  small  and  great)  "are 
troubled  ;  thou  takest  away  their  breatli,  they  die, 
and  return  to  their  dust.  T/iou  sendest  forth  thy 
Spirit,  t/iey  are  created ;  and  thou  renewest  ilteface 
(^  the  earth." 

The  language  of  the  last  sentence  must  surely 
mean  something  more  than  the  generation  of  ani- 
mals, and  the  propagation  of  plants,  in  the  ordinary 
way.     Can  it  be  so  applied  without  profanation  ? 

The  difference  between  the  diluvial  skeleton^  and 
those  of  their  existing  types  must,  as  we  have  said, 
be  deemed  a  strong  testimony  to  the  universality  of 
the  deluge.  Had  herds  of  tliese  ancient  quadrupeds, 
the  fossil  elephants  for  example,  escaped,  we  should 
surely  find  some  of  their  progeny  alive.  They 
were  exceedingly  numerous  of  old, — swarming  in 
almost  every  country,  to  a  degree  not  equalled  on 
the  present  earth,  as  we  may  infer  frotu  the  vast  mul- 
titudes of  their  exuviffi  which  now  reouuu,  besides 
the  far  greater  quantities  of  their  bones  which  must 
have  mouldered  into,  dust.  That  their  anatomical 
structure  could  graduate  or  m,erge  into  that  of  our 
actual  ract^s,  no  physiologist  will  believe  to  be  pos- 
sible ;  they  must  therefore  have  all  perished,  and 
been  replaced  by  a  new  breed  ;  Noah's  stock  prob- 
ably dying  out  in  the  CQurse  of  a  few  generations. 

These  monuments  of  antediluvian  being,  cannot 

•  These  descriptive  words  in  lia&cs  we  ftve  ^^ew  Wv^.,b&  looted 
ia  (Jie  margia  of  our  Bibles. 
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be  viewed  without  profound  emotion.  In  exhuming 
from  their  earthy  beds,  or  spar-bespangled  vaults, 
the  relics  of  that  primeval  world,  we  seem  to  evoke 
spirits  of  darkness,  crime,  and  perdition ;  we  feel 
transported  along  with  them  to  the  judgment-seat 
of  the  Eternal,  and  hear  the  voice  of  many  waters 
coming  to  execute  the  sentence  of  just  condemna- 
tion, on  an  "  earth  corrupt  and  61Ied  witli  violence." 
The  powers  of  prophecy  overshadow  us.  They  bony 
fossil  starts  to  life,  and  conjures  us  in  mysterious 
mutterings,  to  flee  from  the  wrath  to  come.  How 
solemn,  to  walk  through  this  valley  of  death !  Me- 
thinks  the  very  stones  cry  out,  "  The  Lord  reigoeth ; 
righteousnass  and  judgment  are  the  habitation  of 
his  throne." 

Such  a  dismal  ruin  of  all  organic  beings,  such  a 
derangement  of  the  fair  frame  of  nature  seem  to  be 
irreconcilable  difficulties  in  Natural  Theism.  For 
is  not  the  wisdom  of  God  impeached  in  constructing 
a  world  on  foundations  so  infirm  ;  his  prescience  in 
peopling  so  precarious  an  abode,  with  countless 
myriads  of  exquisite  mechanisms  ;  and  his  goodness 
in  plunging  indiscriminately  every  tribe  and  family 
of  his  sentient  oftspring  in  mortal  agony  and  death  ? 
A  creation  replete  with  beauty  i^ud  enjoyment,  sud- 
denly transformed  by  its  Creator's  mandate  or  per- 
mission into  a  waste  of  waters,  is  a  moral  pheno- 
menon which  certes  no  system  of  ethics  can  explain. 
Here,  metaphysics,  the  boasted  mistress  of  mind, 
with  all  her  train  of  categories,  stands  at  fault. 
But  here,  if  reason  will  deign  to  forego  its  pride, 
and  implore  the  aid  of  a  superior  Ugl\t»Uv^  S^t\«'ft'« 
prophet  will  litl  up  the  dark  veW  ftom  x.\\«.  ^g'tvecveN^ 
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scene.  In  revealing  the  disobedience  of  Adam« 
the  atrocious  guilt  of  Cain,  and  the  pestilence  of 
sin,  almost  universally  spread  among  their  progeny, 
he  shows,  alas !  too  clearly,  how  justice  outraged, 
and  mercy  spurned,  inevitably  called  forth  the  final 
lustration  of  tlie  deluge.  This  conclusion,  no 
philosopher  can  reasonably  gainsay,  who  considers 
man  as  a  responsible  agent,  and  this  earth  with  all 
its  apparatus  of  organic  life,  as  mainly  subservient 
to  his  moral  and  intellectual  education. 

Before  entering  on  our  description  of  these  ancient 
animals,  we  shall  explain  the  principles  by  which 
their  scattered  bones  may  be  recognised  and  rejoined. 
There  is  in  organic  beings  a  correlation  of  forms 
appropriate  to  each,  whereby  the  individual  can  be 
determined  from  every  one  of  its  fragments.  ]£ach 
animal  constitutes  a  whole,  one  systematic  cycle, 
whose  parts  are  in  mutual  correspondence,  and 
concur  to  the  same  definite  action,  by  a  reciprocal 
reaction.  None  of  the  parts  can  change,  without 
a  symmetrical  change  in  the  others  j  and  hence, 
each  taken  by  itself,  indicates  and  gives  all  tiie  rest.* 

Thus,  if  the  intestines  of  an  animal  are  organised 
90  as  to  digest  only  raw  flesh,  its  jaws  must  be  con- 
structed for  devouring  its  prey ;  its  claws  for  seiz- 
ing and  tearing  it  asunder ;  its  teeth  for  cutting 
and  dividing  it ;  tlie  entire  system  of  its  organs  of 
motion  for  pursuing  and  overtaking  it,  its  organs  of 
sense  for  descrying  it  at  a  distance ;  and  even  its 
brain  must  be  qualified  for  exercising  the  instinct 
of  self-concea\ment,  mvA.  ^>\e  wrt.  \,(i  ^^suare  its  vie- 
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tims.  Such  are  the  general  conditions  of  the  carni- 
vorous temperament;  every  animal  endowed  with 
which,  must  combine  them  all,  for  otherwise  its 
race  could  not  subsist.  Under  the  general  condi- 
tions, however,  there  are  peculiarities,  relative  to 
the  size,  species,  abode  of  the  prey  which  (he  ani- 
mal prefers  ;  and  from  each  of  these  peculiar  con- 
ditions, result  modifications  of  detail,  in  the  forms 
emanating  from  the  general  conditions.  Hence, 
not  only  the  class,  and  order,  but  the  genus,  and 
even  the  species,  are  found  to  be  expressed  in  the 
form  of  every  part. 

In  fact,  the  jaws  could  not  seize  the  prey,  with- 
out a  certain  form  of  condyle ;  without  a  certain 
ratio  between  the  point  of  resistance  of  the  object, 
point  of  application  of  the  power,  and  the  fiilcrum ; 
without  a  certain  bulk  of  temporal  muscle,  corre- 
sponding to  a  certain  extent  of  bony  cavity  to  receive 
it,  and  a  certain  convexity  of  zygomatic  arch  to 
let  it  pass  through ;  and  this  arch  must  have  a  cer- 
tain strength  to  give  a  bearing  to  the  masseter 
muscle. 

For  the  animal  to  carry  ofi^  its  prey,  it  must  pos- 
sess a  certain  strength  in  the  muscles  which  lift  its 
head,  whence  results  a  determinate  form  in  the  ver- 
tebrae to  which  the  muscles  are  attached,  and  in 
the  occiput  where  they  are  inserted. 

But  the  teeth  cannot  cut  the  flesh,  without  being 
sharp  edged  or  pointed,  and  that  in  a  greater  or 
less  degree  according  as   they  are  more  or  less 
exclusively  confined  to  the  cutting  of  fte.s\v.   "^C^wescL 
base  must  be  solid  in  propotYAOXv \.o  \Jcve.  w>x«J^^^ ^sss.^ 
size  of  the  bones  whiclv  t\vey  Vvwe  \.o  Xs^^*^-     ^ 
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these  circumstances,  moreover,  have  an  influence 
on  the  development  of  every  part  subservient  to 
the  movements  of  the  jaws. 

In  order  that  tlie  claws  may  be  able  to  seize  that 
prey,  they  must  have  a  certain  mobility  in  the  toes, 
a  certain  strcngtli  of  nails,  whence  will  result  deter- 
minate forms  in  all  the  phalanges  (jointa),  and 
necessary  distributions  of  muscles  and  tendons. 
The  foreleg  must  have  a  certain  facility  of  turning 
altout,  which  imphcs  appropriate  forms  in  its  com- 
ponent bones  ;  and  as  the  bones  of  the  foreleg  arc 
articulated  with  the  humerus,  they  cannot  be 
changed,  without  inducing  changes  in  it.  The 
shoulder  bone  must  have  a  certain  degree  of  firm- 
ness in  the  animals  that  employ  their  forelegs  in 
seizing  bodies,  whence  peculiar  forms  arise.  The 
play  of  these  several  parts  will  require  certain  pro- 
portions in  the  whole  of  their  muscles ;  and  the 
impressions  of  muscles  thus  proportioned  will  deter- 
mine also  more  especially  the  forms  of  the  bones. 

We  can  easily  see  that  similar  conclusions  may 
be  formed  as  to  the  posterior  extremities,  which 
contribute  to  the  rapidity  of  the  general  motions  ; 
as  to  the  composition  of  the  trunk,  and  the  forms 
of  the  vertebra?,  which  involve  the  facility,  and 
flexibility  of  these  motions  ;  and  as  to  the  forms 
of  the  bones  of  the  nose,  of  the  orbit,  of  the  ear,  on 
account  of  their  obvious  relations  to  the  perfec- 
tion of  the  senses  of  smelling,  seeing,  and  hearing. 
In  short,  the  form  of  the  tooth  entails  the  form 
of  the  condyle ;  and  that  of  the  shoulder  blade,  the 
^rm  of  the  nails,  just  as  t\ve  eo^aXxon  o?  ?>.  curve 
includes  a]l   its  propertvea  -,  aivi,  aa  V^j  iss&\a«vTv% 
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each  property  separately  as  the  base  of  a  particular 
equation,  we  should  reproduce,  both  the  ordinary 
equation,  and  all  its  properties  whatsoever,  so  the 
nail,  the  shoulder  blade,  the  condyle,  the  thigh 
bone,  and  all  the  other  bones  taken  separately,  give 
the  tooth,"  or  are  given  by  it  in  their  turn.  In  start- 
ing, therefore,  from  any  one  of  them,  the  naturalist 
who  possesses  a  thorough  knowledge  of  the  laws  of 
the  organic  economy,  could  reconstruct  the  entire 
animal. 

This  principle  in  Its  general  acceptation,  is  sufB- 
ciently  evident,  without  any  further  demonstration ; 
but  in  attempting  to  apply  it,  a  great  many  cases 
occur  where  our  theoretic  knowledge  of  the  rela- 
tions of  the  forms,  would  be  insufficient,  without  the 
aid  of  observation. 

We  perceive,  for  example,  that  hoofed  animals 
must  be  all  herbivorous,  since  they  have  no  means 
of  laying  hold  of  prey ;  we  see  also,  that  having  no 
other  use  of  their  fore-feet  than  to  support  the 
weight  of  liieir  bodies,  they  have  no  need  of  a 
shoulder  so  powerfully  constructed.  Hence  their 
want  of  the  clavicle  and  acromion,  and  the  nar- 
rowness of  their  shoulder  blade.  Having  ,be8ides 
no  occasion  to  twist  their  foreleg,  their  radius  will  be 
soldered  to  their  ubia,  or  at  least  articulated  by  the 
hinge,  and  not  the  socket  joint  with  the  humerus ; 
their  herbivorous  diet  will  reqiiire  flat  crowned 
teeth  for  bruising  seeds  and  plants ;  the  crown 
must  also  be  unequ^,  from  the  alternation  of  the 
enamel  and  osseous  portions ;  this  kind  of  crown 
demanding  horizontal  movements  in  tcLtuca.tA.Q\>L,\kta, 
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ndyle  of  the  jaw  bone,  will  not  be  so  confined 
a  hinge  as  in  carnivorous  animals,  but  must  be 
flattened,  corresponding  to  a  more  or  less  flattened 
Jacette  of  the  temporal  bone ;  and  the  temporal 
fosse,  having  to  receive  but  a  small  muscle,  will  be 
narrow  and  of  little  depth.  All  these  things  flow 
from  one  another,  according  as  they  are  more  or 
less  general ;  some  being  essential  and  exclusively 
appropriated  to  animals  with  hoofs;  and  others 
though  equally  necessary  to  them,  but  not  peculiar, 
being  found  likewise  in  some  other  animals,  where 
the  rest  of  the  conditions  permit.  Had  not  obser- 
.yation  informed  us,  we  should  not  probably  have 
divined,  that  all  ruminating  animals  have  a  cloven 
foot,  and  they  alone.  It  is  moreover  doubtful,  if 
we  should  have  inferred  a  priori,  tliat  none  but 
animals  of  this  class  would  have  horns  on  their 
forehead ;  and  that  those  of  them  which  had  sharp 
canine  teeth,  would  be  the  only  ones  without  horns. 
Yet  since  these  relations  are  uniform,  they  must 
have  a  suflicient  cause ;  but  as  we  do  not  know  it, 
observation  must  supply  the  deficiencies  of  theory. 
We  thereby  establish  empirical  laws  which  become 
almost  as  certain  as  rational  ones,  when  they  repose 
on  observations  often  enough  repeated.  Whoever 
at  the  present  day  sees  the  print  of  a  cloven  foot, 
may  safely  conclude  that  the  animal  which  left 
that  impression,  chews  the  cud ;  a  conclusion  as 
certain  indeed  as  any  in  physical  or  moral  science. 
This  single  foot-print,  then,  affords  to  the  ob- 
server, at  once  the  form  of  the  teetli,  the  form  of 
the  jaws,  the  form  of  t\\e  ■vei\.e\ii«,  and  the  form  of 
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all  the  bones  of  the  legs,  the  thighs,  the  shoulders, 
and  the  pelvis  of  an  animal  which  has  merely 
walked  past  without  being  seen. 

That  there  are  secret  reasons,  however,  of  all 
these  relations,  observation  alone  can  suggest, 
independently  of  general  philosophy.  In  form- 
ing a  tabular  view  of  these  relations,  we  recognise 
not  only  a  constancy  of  specific  characters,  so  to 
speak,  between  such  a  form  of  such  an  organ,  and 
such  another  form  of  a  different  organ ;  but  we 
perceive  at  the  same  time  a  constancy  in  the  classic 
characters,  and  a  correspondent  gradation  in  the 
development  of  these  two  organs,  which  display 
almost  to  demonstration,  their  mutual  influence. 

For  example,  the  dental  system,  of  non-ruminant 
hoofed  animals,  is  in  general  more  complete  than 
that  of  ruminant  animals  with  cloven  feet ;  because 
the  former  have  either  incisor  or  canine  teeth  in 
both  jaws.  The  structure  of  their  foot  is  in  general 
more  complex,  because  they  have  more  toes,  or 
have  nails  (hoofs)  which  leave  the  phalanges  more 
free,  or  a  greater  number  of  distinct  bones  in  the 
metacarpus  and  metatarsus,  or  more  numerous 
tarsal  bones,  or  a  fibula,  more  distinct  from  the  tibia, 
or  lastly  because  all  these  circumstances  are  often 
combined.  It  is  impossible  to  give  reasons  for  these 
relations;  but  they  are  clearly  not  the  result  of 
chance,  because  whenever  a  cloven-footed  creature 
shows,  in  the  arrangement  of  its  teeth,  some  ten- 
dency to  approach  to  the  animals  under  considera- 
tion, it  exhibits  a  similar  tendency  in  the  conforma- 
tion of  its  feet  Thus  the  camels  possessing  canma 
teeth,  and  even  two  or  four  mcisota  Va  \^'e.  vHji^et 
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Jaw,  have  an  adciitional  bone  in  the  tarsus,  becAiisc 
Iheir  scaphoid  bone  is  not  firmly  adherent  to 
cuboid ;  and  they  have  very  small  hoofs,  with 
i«8ponding  ungual  phalanges.  The  musk  animals, 
it)  which  the  canine  teeth  are  strongly  developed, 
have  a  distinct  fibula  along  the  whole  length  of  their 
tibia,  while  the  other  cloven-footed  kind,  have, 
instead  of  a  fibula,  merely  a  small  bone  articulated 
to  the  lower  end  of  the  tibia.  Hence  a  constant 
harmony  subsists  between  two  organs  apparently 
quite  alien  lo  each  other ;  and  the  gradations  of 
their  forms  have  an  uninterrupted  correspondence, 
even  in  cases  where  we  can  see  no  reason  for  their 
relations. 

By  adopting,  in  this  manner,  observation  as  a 
supplementary  means  when  theory  fails,  we  arrive 
at  results  calculated  to  astonish.  The  least  Jacetle 
of  a  bone,  the  smallest  apophysis  (bony  process)  has 
a  determinate  character,  relative  to  the  class,  order, 
genus,  and  species,  to  which  it  belongs,  so  that 
whenever  we  get  merely  an  extremity  of  a  bone  in 
good  preservation,  we  can,  by  diligent  application, 
and  by  availing  ourselves  with  a  little  address  of 
analogy,  and  careful  comparison,  determine  all 
those  things  as  certainly,  as  if  we  had  the  whole 
animal  under  our  hands.  M.  Cuvier  has  often 
verified  this  method  on  portions  of  well  known 
animals,  before  bestowing  confidence  on  it,  with 
regard  to  fossil  species ;  and  it  has  afforded  him 
such  infallible  success,  as  to  leave  no  doubt  of  the 
certainty  of  its  results. 

'    He  enjoyed  indeed  every  deawable  co-operation. 
ia  fortunate  appoinltaent  aa  sw^raAKft^KcA.  *a'i  'ifts, 
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Museum  of  Natural  History,  joined  to  an  assiduous 
research  for  more  than  Z5  years,  furnished  him' with 
skeletons  of  all  ihegCTiera  and  sub-genera  of  quad- 
rupeds, with  many  species  of  certain  genera,  and 
several  individuals  of  some  species.  With  such 
resources,  it  became  easy  for  him  to  multiply  his 
comparisons,  and  to  verify  in  all  their  details  the 
applications  which  he  made  of  his  laws. 

In  this  way,  he  has  determined  and  classed  the 
remains  of  nearly  100  quadrupeds,  mammiferous 
or  oviparous.  Considered  in  reference  to  species, 
upwards  of  70  of  these  animals  were  previously 
quite  unknowD  to  naturalists  *,  10  or  IS  have  so 
perfectly  resembled  known  species,  that  no  doubt 
can  remain  of  their  identity ;  the  others  present 
many  kindred  features  with  known  species,  but  the 
comparison  has  not  hitherto  been  made  in  a  suffi- 
ciently scrupulous  manner  to  remove  all  ambiguity. 
Viewed  in  reference  to  the  genera,  out  of  these  70 
unknown  species  there  are  nearly  4-0  animals  which 
belong  to  gemra  that  are  new.  The  other  species 
are  referrible  to  genera  or  sub-genera. 
.  It  may  be  useful  also  to  consider  these  animals 
with  respect  to  the  classes  and  orders  to  which  they 
belong. 

Of  the  hundred  species,  about  one-fourth  part 
are  oviparous  quadrupeds,  and  the  rest  are  mam- 
miferous. Among  the  latter,  more  than  one-half 
belong  to  non-ruminant  hoofed  animals.  It  would, 
however,be  premature  to  establish  onthese  numbers, 
any  conclusions  relative  to  the  theory  of  the  earth, 
because  they  are  not  in  a  necessary  ratio  with  tKt  - 
numbers  of  the  genera  or  spetiea  viVivcV  tawj  ^«» 
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buried  in  our  strata.  Thus  there  have  been  collected 
many  bones  of  the  large  species,  which  are  most 
obvious  to  the  quarriers,  while  tliose  of  small  species 
are  usually  neglected,  unless  accident  should  make 
them  fall  into  the  hands  of  a  naturalist,  as  was  the 
case  at  the  Kirkland  cave,  with  Professor  Buckland; 
or  unless  some  peculiarity,  as  their  extreme  abun- 
dance in  certain  places,  should  attract  the  attention 

.  of  the  vulgar. 

That  the  extinct  species  are  not  varieties  of  the 
living  species,  M.  Cuvier  has  proved  by  an  ample 
induction  of  facts.  A  species  comprises  all  the  indivi' 
duals  which  descendjrom  one  another,  or  from  common 
parents,  and  those  which  resemble  them  as  much  as 
they  resemble  each  other.  Hence  the  varieties  of  a 
species  are  merely  breeds  more  or  less  different, 
which  may  issue  from  them  by  generation.  Our 
observations  on  the  differences  between  ancestors 
and  descendants,  constitute  therefore  our  only 
rational  rule ;  for  every  other  would  fall  under  the 
head  of  hypotheses  devoid  of  proofs.  Although 
the  wolf  and  the  fox  inhabit  every  country  from'  the 
torrid  to  the  icy  zone,  they  experience  in  Uus  im- 
mense interval,  hardly  any  other  change,  than  a 
little  variation  in  the  beauty  of  their  fur.  M.  Cuvier 
compared  the  skulls  of  foxes  from  the  north  of 
Europe,  and  from  Egypt,  with  those  of  France,  and 
he  found  no  individual  differences. 

The  varieties  of  the  wild  animals  which  are  re- 
stricted to  more  limited  spaces,  differ  still  less, 
especially  the  carnivorous.     A  more  bushy  mane 

forma  all  the  difference  between  V\\ft  h^ena  of  Persia 

and  Morocco. 


AMIHAL  SPECIES  INVARIABLE.  S15 

The  wild  herbivorous  animals  esperienee  some- 
what more  deeply  the  iofluence  of  climatei  because 
that  of  food  co-operates,  as  to  its  abundance  aad 
quality.  Thus  elephants  will  grow  larger  in  one 
forest  than  in  another  ^  and  they  will  have  tusks  a 
little  longer  in  situations  where  the  food  is  favourable 
to  the  formation  of  the  substance  of  ivory.  The 
same  circumstance  wiU  hold  with  rein-deers  and 
stags  in  reference  to  their  antlers ;  but  let  us  take  the 
two  most  dissimilar  elephants,  and  we  shall  not  be 
able  to  observe  the  least  difference  in  the  number  or 
articulations  of  the  bones,  or  in  the  teeth,  &c. 

The  herbivorous  species  moreover  in  the  wild 
state,  appear  to  be  confined  within  a  narrower  range 
than  the  carnivorous,  because  the  nature  of  their 
nourishment  combines  with  temperature  to  limit 
their  dispersion: 

Nature  has  provided  against  the  alteration  of 
species,  which  might  result  from  their  mixture,  by, 
the  mutual  antipathy  vhich  it  has  given  them.  It 
requires  every  artifice,  and  all  the  power  of  man,  to 
make  these  unions  be  contracted,  even  among  species 
in  closest  afiSni^  ;  and  when  the  offipring  are  oot 
barren,  which  they  commonly  are,  their  fecundit)^ 
does  not  extend  beyond  a  few  generations,  and 
would  probably  not  continue  at  all  without  a  roiewal 
of  the  cares  which  excited  it  Hence  we  never 
perceive  in  our  woods,  individuals  intermediate 
between  the  rabbit  and  the  hare,  between  the  stag 
and  the  doe,  or  between  the  martin  and  the  weasel. 
-The  tyranny  of  man  alone  can  alter  this  order ;  it 
develops  all  the  variations  compatible  mXh^^V^^ 
of  each  specieB,  and  obtuns  pxoduCdoiA  NiVfu^'i^^ 
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Species  would  never  have  brought  forth  when  left 
to  themselves.  Here  the  degree  of  the  variations 
is  Btill  proportional  to  the  intensity  of  their  cause, — 
slavish  coercion.  The  changes  do  not  amount 
to  much  in  the  half-domestic  species,  as  the  cat. 
Softer  hair,  more  lively  colours,  a  larger  size,  are  all 
the  variations ;  for  the  skeleton  of  an  Angora  cat, 
differs  in  no  constant  particular  from  that  of  a  wild 
one.  Among  herbivorous  animals,  which  are  trans- 
ported into  the  most  opposite  climates,  subjected 
to  every  sort  of  diet,  and  to  which  different  kinds 
of  labour  and  tbod  are  dealt  out,  we  obtain  greater 
variations  ;  but  they  are  still  superficial.  A  greater 
or  less  size ;  longer  or  shorter  horns,  which  are  also 
sometimes  wanting ;  a  thicker  or  thinner  wen  of 
fat  on  the  shoulders,  form  the  differences  among 
oxen,  and  these  differences  are  preserved  for  a  long 
time,  even  in  breeds  exported  from  their  native 
countries,  though  pains  be  taken  to  remove  them. 
Of  this  kind,  are  also  the  innumerable  varieties  of 
aheep,  observable  chiefly  in  the  fleece,  because  it  is 
the  main  object  of  commercial  interest  Among 
horses,  the  differences  are  a  little  less,  but  still  quite 
perceptible. 

In  general  the  shape  of  the  bones  varies  little  i 
their  connexions,  their  articulations,  and  the  form 
of  the  great  molar  teeth,  never  change.  The  slight 
development  of  the  tusks,  in  the  domestic  hog,  and 
the  adhesion  of  its  hoofs  in  some  individuals  of  the 
breed,  are  the  utmost  extent  of  the  differences 
which  man  has  been  able  to  produce  in  domestic 
herbivorous  animals. 
•    Amid  all  po88\b\evatwXiooa,\aV!ftft«j.\«n\^«s^wft. 
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and  configuration  of  dogs,  the  relations  of  the  bones 
remain  the  same,  nor  does  the  form  of  the  teeth 
ever  vary  in  an  appreciable  manner.  At  the  utmost, 
some  individuals  push  forth  an  additional  false 
grinder,  sometimes  on  the  one  side,  and  Sometimes 
on  the  other  ;  and  as  in  the  human  species,  there 
are  some  six-fingered  families,  so  there  is  a  breed  of 
dogs,  with  one  additional  toe,  and  a  correspondent 
tarsal  bone,  on  the  hind  foot 

There  are  therefore  in  animals,  characters  which 
resist  every  influence,  whether  of. nature  or  man  j 
nor  does  any  thing  indicate  that  time  can  exert  with 
regard  to  them,  a  greater  effect  than  climate  and 
domesticity.  "  Some  naturalUts,"  says  M.  Cuvier, 
"  reckon  much  on  the  thousands  of  ages  which  they 
accumulate  with  a  dash  of  their  pen  ;  but  in  such 
matters  we  cannot  venture  to  judge  of  what  a  long 
time  might  operate,  except  by  multiplying  in  idea 
what  a  shorter  period  does  produce.  I  have  there- 
fore collected  with  care  the  most  ancient  docu- 
ments concerning  the  forms  of  animals,  of  which 
none  now  in  being,  equal  in  antiquity  and  abund- 
ance, those  furnished  by  Egypt.  This  country 
presents  us  not  only  with  pictures  of  animals ;  but 
their  very  bodies  embalmed  in  its  catacombs. 

"  I  have  examined  with  the  greatest  pains,  the 
.figures  of  animals  and  birds,  engraved  on  the 
numerous  obelisks  brought  from  Egypt  to  ancient 
Rome.  All  these  figures  have,  when  viewed  as 
wholes,  (which  was  the  only  object  of  their  artists,) 
a  perfect  resemblance  to  the  species,  as  we  see  them 
now-a-days." 

M.  GeoSroy  Maint-Hilure  coUectaim\)aR'w«^'^ 
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and  temples  of  Upper  and  Lower  Eg)^)t,  as  many 
animal  mummies  as  he  could.  He  brought  home 
with  him,  cats,  ibises,  birds  of  prey,  dogs,  apes 
crocodiles,  and  a  head  of  a  bull,  all  embalmed ; 
and  certainly  no  greater  difference  can  be  perceived 
between  these  beings,  and  those  which  are  now 
most  familiar  to  us,  than  between  human  mummies, 
and  the  skeletons  of  the  modern  race  of  men.  M. 
Cuvier  has  proved  in  a  special  memoir  on  the  ibis, 
that  this  bird  is  now  the  verj'  same  animal  in  every 
respect,  as  it  was  in  the  days  of  the  Pharaohs. 

"No  ascrateined  fact,  therefore,  couutaiances 
in  the  slightest  degree,  the  opinion  that  the  new 
genera  discovered  or  established  among  the  fossil 
skeletons,  such  as  the  palaotheriums,  anoploffie- 
riums,  m^alonyx,  mastodontes,  pterodach/les,  ichthg- 
osauri,  plesiosauri,  megalosauri,  iguanodontes,  tec. 
Tiave  been  the  parent  stocks  of  any  of  the  animals 
of  the  present  day,  which  animals  owe  their  difier- 
ences  to  the  influence  of  time  or  climate.  Were  it 
true  (which  I  am  very  far  from  thinking),  that  the 
fossil  elephants,  the  rhinoceroses,  the  elks,  the  bears, 
differ  no  more  from  the  existing  ones,  than  the 
breeds  of  dogs  difler  fix)m  each  other,  we  are  not 
on  this  account  warranted  to  conclude  that  the 
species  were  identical,  because  the  canine  race  has 
been  subjected  to  the  influence  of  domestidty ; 
while  these  other  ftnimals  have  neither  suffered  hot 
could  endure  it* 

The  first  order  (rf  fossil  quadrupeds  examined  by 
Cuvier,  is  the  pachydermata,  (thick  skinned.)     It 

■  •B»ronC»i«r,OwemH»'5oMV«»,'S»«now^t€i«».vVKSi.. 
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comprehends  non-ruminant,  hoofed  animals,  under 
the  following  13  genera ;  the  elephant,  masto- 
don, rhinoceros,  hippopotamus,  tapir,  hog,  horse, 
daman,  peciuis,  phacoch^res,  anoplotherium,  palseo- 
therium,  elasmotherium. 

I.  Elephant. 

The  vaat  manh^  uid  uuidy  plains  of  Siberia,  wfaererer  tbey  are 
•cooped  ont  by  rirerB,  discoTer  oomoiu  lemuiu.  Tbe  Irtisch 
between  bS"  and  56°  N.  Lat.  bai  veiy  hi^  banks,  on  wbicb  the 
wwUm  lay  bare  from  tune  to  time,  irory  tnaka  and  other  bonea  of 
clephanta.  To  tbe  north  of  Berezof,  N.  Latitude  65" ,  high  hill; 
ridit  the  Oby,  fotming  pradpitsns  banks,  composed  of  plastic 
clay  and  sand.  Tbey  display  abondance  of  elephants'  bones,  tnlned 
oat  by  (he  cuneDts.  Tbe  lover  parts  of  au  island  in  the  Frozen 
Sea  under  72°  N.  Lat.  consul  of  tee  and  eand ;  and  whenever  a  thaw 
onsea  a  portion  erf  its  coast  to  cramble  down,  plenty  of  fossil  bones 
af^war^  In  Siberia  they  are  often  associated  with  some  marine  ' 
ezUTiK,  as  sea  shells  and  sharks'  teeth,  boried  onderjKveral  distinct 
alrata  of  clay  and  sand,  showing  that  an  aUanal  [Htfcess  bad  con- 
tinued  for  a  considerable  period  to  cover  the  bones.  Similar  miz- 
tnres  of  these  bones  and  shells  in  allnvial  strata,  are  fonnd  at  the 
Jaik,  Kama,  Tonra,  and  Oby.  Lieutenant  Kotiebne  discorered 
in  his  late  voyage,  teeth  and  bones  of  elephants  entangled  m  an 
iceberg,  on  the  north-western  angle  of  the  American  continent, 
dose  to  Bering's  Strait.  What  a  rich  vegetation  must  have 
anciently  flonrished  in  these  now  desolate  regions,  to  have  noariahed 
ao  many  thousands  of  these  enormoua  animals !  The  fossil  tnsks 
indeed,  constitute  a  very  IncratiTe  article  of  commoce  to  the 
natives,  llie  Siberians  call  the  animal  mammoth  (animal  of  the 
eardi),  from  a  notion  that  it  was  a  snbteiranean  quadruped,  of 
aimilar  instincts  with  the  mole. 

Bones  of  the  fossil  elephant  were  so  abnndant  on  the  loamy 
bills,  which  border  the  valley  of  the  Amo  near  Florence,  that  tbe 
peasants  formeriy  used  them  along  with  stimee  for  building  the 
rode  partition  walls  of  tbeir  fields;  and  two  entire  ^tartments 
beloi^ing  to  tbe  Valdamaise  Academy  at  FigUne,  are  filled  with  ele- 
plianta'  bones  which  were  ezhnmed  in  th«  uniottimte  w^&k«X' 
bpod.     Many  hoaea  of  tbe  ihinoeeros  anA  Uf^ofvAwscu  i&«n  wc 
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here  uromUcuously  mingled.  To  the  nortli  of  ihe  AppenDiBea 
likevisH  llie  sa.nie  fossil  remains  are  abundantljr  found  :  and  indeed 
■carceiy  any  disirict  of  Italy  seems  to  be  witbont  them.  Tbey 
occnr  in  many  parts  of  France,  tlie  Neiherlaml*,  Holland,  Ger- 
many, particularly  at  Canstadt  and  Tonoa  on  tlie  Nscker,  where  a 
whole  forest  of  the  trunks  of  palm  trees  lies  buritd.  A  remark- 
able congeries  of  fossil  elephants'  hones  was  disi-o»ered  at  Thiede 
near  Wolfenbuttle,  mixed  wilb  bones  of  rliinoieros,  horse,  ox,  and 
BtafT.  There  were  11  elephant  tiwha,  one  of  ihem  U  feel  8  inchea 
long,  bent  into  a  perfert  semicircle ;  and  about  30  grinders.  An 
entire  skull  was  dog  oot  of  the  soil,  at  Osterofie  at  the  fool  of  dw 
Hanx  mounlflios  opposite  Gotlingen,  along  with  hones  of  the 
rhinoceros.  On  the  banks  of  tlie  Elbe  also,  and  In  Ri>hemia.  many 
■uch  bones  are  found,  nay  even  in  Scandinavia  and  in  Iceland. 

In  England,  the  teeth,  tusks,  and  bones  of  elephants  of  protligions 
size  have  been  found  in  diluvium  in  Robin  Ilood's  bay,  neu 
Whitby ;  at  Scarborough  ;  Bridlington,  and  several  other  places  along 
the  shore  of  lloldcmess ;  as  also  in  the  interior  of  Norfolk,  Suffolk, 
and  Essex.  Near  Harwich,  at  Walton,  in  a  mass  of  diluvial  clay, 
between  high  and  low  water  mark,  there  was  a  large  deposit  of 
them,  mixed  with  bones  of  the  hippopotamus,  horse,  &c.  On  the 
banks  of  the  Thames  they  are  extremely  common ;  as  at  Sheppey, 
the  isle  of  Dogs,  Lewisham,  London,  Brentford,  Kew,  Hurley 
Bottom,  Wallingford,  Dorchester,  Abingdon,  and  Oxford.  At 
Norwich,  Canterbury,  Chartbam  near  Rochester,  Lyme  Regis, 
Charm  outh,  Abbotshury,  Burton,  Loders,  near  Bridport,  new 
Yeovil  in  Somerset,  at  Whitchurch  near  Dorchester,  on  Salitibuiy 
plain,  in  the  valley  of  tlie  Avon,  in  that  of  tlie  Severn,  at  Trenthan 
in  Staffordshire,  and  abundantly  at  Newnham  and  Lawford  near 
Rugby  in  Warwickshire.  Elephants'  teeth  and  bones  are  often 
found  in  digging  foundations  and  sewers  in  London,  asunder  12 
feet  of  gravel  in  Gray's-Inn  Lane,  and  at  a  depth  of  30  feet  on  the 
east  of  Waterloo-place.  At  Kingsland  near  Hoxton,  an  entire 
elephant's  skull  was  discovered  in  IS06,  containing  2  tutika  of 
enormous  length,  as  well  as  the  grinders.  All  the  gravel  pits 
round  about  I^itAon  Ketn  tn  aSord  them.  In  the  gravel  [uta  of 
Oxford  and  AbuigAon,  Xeei.V  wsi  \>i^*  ravii  ■(■h\<ivj»  \™m».  *j{  Um 
elephant,  are  foimd  nw^tfei  wvxX*  'CtttVo^.^*.  «\  <V^ftowT«i^V«™fc,«v. 
bog.  »d  «Teni\  *T«e\«  ^^^  A«^  -  ^-^^^  "^""^^^  ^""^^  "^^^ 
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■UM  pit,  and  Mldom  nll«d  or  nibbed  at  the  edges,  although  tha 
Mver^  bonea  are  oot  amembled  ao  as  to  complete  a  skeleton.* 

Wales,  Scotland  and  Ireland  have  also  afforded  elephants'  tusks 
orbones^ 

Blumenbach  states  in  his  Archaologia  Telluris, 
published  in  1803,  that  more  than  two  hundred  ele- 
phants and  30  rhinoceroses,  had  been  found  in 
Germany.  Many  have  been  discovered  since,  as 
the  congregated  heaps  at  Seilberg  near  Canstadt, 
and  at  the  village  of  Thiede,  contiguous  to  the 
town  of  Brunswick. 

Bones  of  the  fossil  elephant  occur  in  considerable 
abundance  in  North  America,  where  no  living 
elephants  have  ever  been  known  to  exist ;  and 
Humboldt  found  tbem  in  the  plains  of  Mexico, 
and  in  the  province  of  Quito. 

All  the  above  localities  belong  to  the  diluvial 
gravel  or  loam  j  but  there  are  many  elephants'  bones 
likewise  in  limestone  caves.  In  England,  bones  of 
the  fossil  elephant  have  been  found  in  the  caverns  at 
Kirkdale,  Wu-ksworth,  Mendip,  Crawley  rocks  near 
Swansea,  and  Faviland  caves  near  Swansea.  And 
on  the  continent,  in  caves  in  the  district  of  Mug- 
gendorf,  and  at  Fouvent  in  France.  A  most 
interesting  description  of  these  caverns,  with  veiy 
instructive  plates,  will  be  found  in  Dr.  Buckland's 
work,  quoted  below. 

Comparison  qf  the  fossil  elephant  with  the  living. 

There  are  three  distinct  species  of  this  genus. 

1.  The  African,  which  inhabits  the  Cape,  Sene- 
gal, and  Guinea. 

*  This  enuineretion  of  the  English  locs^tiei  u  Ttom  'Vr^cunx  "Ci^^^ 
bad't  acelleat  Beltquiie  DiluTiaoe,  %d  'E£6oa. 
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It  has  a  rounded  skull,  large  ears,  grinding-teetJi 
marked  with  lozenges  in  their  crown  (upper  face). 

2.  The  Indian,  found  on  both  sides  of  the  Gan- 
ges, and  iji  tlic  islands  of  tlie  Indian  seas,  as  Ceylon, 
Java,  Borneo,  Sumatra,  &c. 

It  has  an  oblong  skull,  concave  front,  small  ears, 
and  grinders  marked  with  waving  ribands. 

3.  The  fossil  or  primeval  elepliant  (elephas 
primigenius),  mammoth  of  the  Russians.  It  has 
ail  oblong  skull,  concave  front,  very  long  bone- 
sockets  of  its  tusks,  lower  jaw  obtuse,  broad  par- 
allel  grinders,  marked  with  narrowish  ribands  on 
tile  crown. 

Its  bones  are  found  only  in  the  fossil  state ;  no 
siniilar  recent  ones  have  ever  been  seen.  The 
fossil  elephant  resembles  more  the  Indian  than  the 
African  species ;  but  differs  from  the  first,  in  the 
form,  of  its  grinders,  of  its  under  jaw,  and  several 
other  bones ;  especially  in  the  length  of  its  tusk- 
sockets  or  alveoli.  This  latter  character  must  have 
modified  singularly  the  figure  and  organisation  of 
its  proboscis,  and  given  it  a  physiognomy  much 
more  different  from  iJiat  of  Uie  Indian  species, 
than  might  be  inferred  from  the  resemblances  of 
the  other  bones.  Its  size  (tailkj  was  about  that 
of  the  Indian,  from  8  to  15  or  16  feet  j  but  perhaps 
it  was  a  little  thicker  and  more  squat 

The  wood  engraving  at  the  top  of  the  following 
page,  is  an  elephant's  tooth,  copied  exactly  from 
Hate  VI.  ng.  I,  of  the  first  volume  of  the  Ossemcn^ 
Fossiles.  It  seems  to  have  been  cracked  across  by 
some  violence ;  but  it  Vs  xei^  ^iiMwiXKri&tic, 
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The  above  figure  of  a  fouU  tooth  rc^nsenta  of  ^  the  natural  nit, 
an  under-grinder  of  an  old  elephaDt,  found  some  years  ^o,  along  widi 
iti  fellow,  buried  18  feet  deep  in  black  earth  in  the  Forest  of  Boudy, 
near  Paris.  It  has  Si  ribands,  or  plates  of  enamel  crosdng  the'sur&ce. 
These  fillets  are  usually  narrower  in  the  fosul,  than  in  the  living  species. 
Hence  the  former  could  have  more  grinding  plates  in  action  at  once 
than  the  latter  can ;  nhicfa  are  seldom  more  than  10.  He  foasil  teeth 
are  usually  broader  than  the  Hring  m  the  proportion  of  about  3}  to  8} 
iachea;  and  their  ribanda  are  leu  festooned. 

From  its  dteleton,  M.  Cuvier  concludes  that  it 
differed  more  from  the  Indian  elephant,  than  the 
ass  does  irom  the  horse*  or  the  jackall  and  isatis 
from  the  wolf  and  the  fox. 

The  bones  must  have  been  interred  by  some 
general  physical  cause ;  for  they  are  too  numerous, 
juid  dispersed  over  too  many  deserts,  and  uninhabit- 
able countries,  to  admit  of  the  supposition  of  the 
animals  having  been  conducted  thither  by  men. 

Most  part  of  the  bones  are  not  at  all  water-wom, 
but  have  their  edges,  and  their  processes  entire ; 
showing  that  they  have  suffered  no  kind  of  £riction. 
The  epiphyses  of  bones  which  had.  wcA.  win^issA. 
their  complete   growtii,  still  adh«ie,  \!n.o>a^  '^«- 
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slightest  ibrce  would  have  detached  them.  The 
only  changes  which  they  liave  suffered,  are  due  to 
decomposition  produced  during  their  long  resi- 
dence in  the  earth. 

Every  thing  therefore  concurs  to  show  that  the 
elepliants  which  owned  the  fossil  bones,  dwelt  in 
the  countries,  where  their  remains  are  now  found ; 
and  tliat  they  disappeared  in  a  revolution  which 
destroyed  all  tlie  individuals  existing  at  the  time. 
"Whatever  was  tlie  cause,  says  Cuvier,  it  must  have 
been  sudden.  The  large  bones  and  ivory  tusks  so 
perfectly  preserved  in  the  plains  of  Siberia,  must 
owe  their  soundness  to  tlie  cold  which  suddenly 
froze  them  up,  or  which  counteracted  the  natural 
decomposing  influence  of  the  elements.  Had  this 
cold  come  on  by  degrees  and  very  slowly,  these 
bones,  and  a  fortiori,  the  soft  parts  with  which 
they  are  still  sometimes  clothed,  would  have  had 
time  to  decompose,  as  happens  to  the  elephants 
which  now  die  in  hot  or  temperate  countries. 
Certainly  it  would  have  been  quite  impossible  for  a 
whole  carcass,  such  as  the  one  discovered  by  Mr. 
Adams,  to  have  preserved  its  flesh  and  skin,  with- 
out corruption,  had  it  not  been  immediatdy  em- 
balmed in  antiseptic  ice. 

"  Thus  every  hypothesis  of  a  gradual  refrigeratioa 
of  the  earth,  or  a  slow  variation,  either  in  the  incli- 
nation, or  in  the  position  of  the  axis  of  the  globe, 
falls  to  pieces  of  itself."* 

.  Were  the  actual  elephants  of  India,  the  descend- 
ants   of  those    ancient    fossil    elephants,    which 
bad  taken  refuge  in  thevi  i^ieaewt  climates  from  the 
•  Cuvier,  06wmMM¥oMft\«,\- wa. 
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catastrophe  which  destroyed  their  race  elsewhere, 
we  may  ask,  why  their  species  was  destroyed  in 
America,  though  bony  relics  still  attest  their 
ancient  existence,  in  the  vast  empire  of  Mexico,— 
3  country  which  afforded  sufficient  elevations  for 
escaping  from  an  inundation  so  moderate  as  is 
implied  by  that  hypothesis  ?  That  region  was  be- 
sides as  hot  as  their  habits  required. 

The  different  mastodontes,  fossil  hippopotamuses, 
and  rhinoceroses,  must  have  lived  in  the.  same 
countries,  and  cantons,  as  the Jossil  elephants,  since 
we  find  their  bones  in  the  same  diluvial  beds,  and 
in  the  same  state.  No  cause  can  be  conceived 
which  could  destroy  the  one  and  spare  the  others. 
Yet  the  mastodons  most  assuredly  exist  no  more  ; 
in  respect  to  .them  there  is  no  doubt  or  disputation. 

The  uppermost  figure 
represents  the  under 
jaw  of  the  living  ele- 
phant ;  the  lowest  figure 
that  of  the  fossil.  The 
sides  of  the  former  con- 
verge to  a  point,  and 
have  a  projecting  peak 
at  A  in  front,  furrowed 
with  a  long  narrow  canal. 
The  teeth  in  the  jaw  of 
the  fossil  elephant  stand 
parallel  to  each  other  on 
its  opposite  sides ;  and  the  canal  in  front  is  much 
shorter  and  wider.  In  the  two  living  species,  the 
African  and  Indian,  the  tusk-sockets  (aftwQK"^dftiviA. 
extend  further  down  than  the  \eve\  oS  \3wftVcy«'CT  \««% 


r 


S'iS  BOOK  I1I.-CHAP.  VI.-ANIMAL  RUINS. 

them,  and  of  one  side  of  ettlier,  what  was  needed 
to  make  up  the  deficiency  of  the  others.  Hence- 
forward the  osteology  of  this  large  animal  became 
perfectly  known,  if  we  except  merely  the  upper 
part  of  the  cranium. 

M.  Cuvier  concludes,  af^er  his  usual  diligence  of 
research,  that  no  bones  of  tlie  great  mastodon  have 
been  hitherto  found  in  Europe.  They  occur  most 
abundantly  in  the  brackish  marshes  on  the  Ohio, 
which  are  called  there  big-bone-licks,  from  the  cir- 
cumstances  of  their  saltness  and  their  osseous  con- 
tents. In  the  state  of  Kentucky,  about  4  miles 
south-cast  from  the  left  bank  of  tlie  Ohio,  and  3G 
miles  above  the  entrance  oi'  the  river  Kentucky, 
there  is  an  extensive  marsh,  surroinided  with  liills, 
which  is  fed  with  a  streamlet  of  salt  water,  from 
whose  black  and  fetid  mud,  a  few  feet  below  the 
surface,  an  enormous  multitude  of  these  boucs  have 
been  extracted.  Oroffhan  tiiou^lit  that  he  sa«-  here 
the  remains  of  about  yo  individuals;  but  a  far 
greater  number  have  been  dug  out  since.  These 
bones  are  accompanied  witlitliose  of  other  animals. 
On  the  two  sides  of  the  Ktieamlet  the  earthy  beds 
are  composed  almost  entirely  of  bones  of  bufiidoes, 
stags,  and  other  smaller  animals. 

BoDM  or  tlie  mastodon  an*  also  found  in  all  the  temperate 
rcgiotm  of  Nurtli  Auieri.  a,  in  wlialever  direction  it  may  be  explored. 
'Hio  Ui«  Smith  iterton  gives,  id  bis  Joornal  of  Natural  Philunopliy 
Bnd  Mwfiom  Ac  .Hdldelplua,  a  detailed  account  of  five  oearly 
tutim  Aviaata  it^hlg  (»«■  faun<l  In  1762  l>y  the  Sbawanais 
htxher  v^  m  'J">  Ohio,  about  3  miles  from  its  margin  io 
inder  and  a  piece  of  a  luak  had  been 
leaV  Mra.>.\i  ^mt,  at  which   thfl 


l^ffinder  an 
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in£^ui8iaiia,amiiiigtbeiinidaoftheMi8BiBrippi,ia31°N.Lat.  Tbsy 
have  not  hitherto  been  observed  farther  north  than  in  43°  N>  Lnt. 
on  the  side  of  Lake  Erie.  M.  Cuvier  finds  that  the  teeth  brought 
home  from  Fern  by  MM.  Dombey  and  Homboldt,  do  not  belong 
to  the  great  mBHtodon^  bat  to  another  species.  He  supposes  thoM 
from  Lima  and  Brazil,  spoken  of  by  Dr.  W.  Himter,  to  ba  in  the 
same  predicanlenL 

The  ferrnginons  matter  with  which  the  bones  of  the  great  mas- 
todon are  impregnated,  is  the  beat  proof  of  tlieir  long  rewdence  in 
the  earth.    No  marine  remuns  have  been  seen  assorted  with  them. 

Description  qf  the  great  Mastodonte. 
The  molar  teeth  are  very  characteristic.  Their 
crown  in  general  approaches  more  or  less  to  a  rec- 
tangular figure.  It  contains  only  two  substances ; 
the  interior  called  osseous  or  more  properly  ivory, 
and  tlie  exterior  or  enamel.  The  latter  is  very 
thick.  There  is  none  of  that  third  substance,  so 
remarkable  in  the  elephant,  called  the  cement  or 
cortical  matter,  which  envelops  the  rest  of  the 
tooth,  resembling  ordinary  bone  in  chemical  com- 
position and  hardness.  Sir  E.  Home  terms  this 
substance  bone,  and  the  other  inner  substance, 
ivory.*     The  crown  of  the  mastodon's  molaris  is 

*  The  eorHcal  is  secreted  in  life  by  the  same  organic  membrane  and 
the  same  lace  that  produces  the  enamel.  This  membrane  remains  ont- 
nde  of  the  cortical,  as  it  was  at  first  outade  of  the  enamel,  continuing 
soil  and  loose  aa  long  as  the  cortical  leaves  room  for  it-  It  only  chaises 
in  texture ;  having  been  thin  and  transparent  whilst  it  secreted  enameL 
When  it  begins  to  fiimiih  cortical  substance,  it  becomes  thick,  spongy, 
opaque,  and  ruddj.  This  cortical  matter  does  not  grow  byclosely  aggre- 
gated meshes,  but  as  it  were  by  little  drops  seemingly  secreted  at  random. 
Hie  deposition  of  the  enamel  commences  almost  with  the  transudation 
of  the  osseous  substance,  and  that  of  the  cortical  follows  soon  there* 
after,  so  that  the  summit  of  each  plate  is  finished  in  its  three  mibatances 
long  before  its  base ;  and  the  condguous  lamina  are  cementjed  tia^tbsst 
■t  the  top  before  beii^  indurated  at  thai  bottom. 

!*•  substance  of  teeth  is  formed  by  ■ecrciu«m>a\»iw»-.'ii«'"««>" 
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divided  (see  figure,  p.  5'i6),  by  furrows  or  a  species 
of  spreading  valleys,  into  a  certain  number  of  trans- 
verse hills,  and  each  hill  is  itself  divided  by  a  groove 
into  two  thick  points,  obtuse,  tbrniing  irregular 
quadrangular  pyramids,  slightly  rounded  at  their 
edges.  Till  this  crown  be  worn  down  by  mastica- 
tion, it  is  studded  with  thick  points  standing  in  pairs. 
There  is  a  wide  difference  between  tliese  and  the 
.  teeth  of  carnivora,  which  have  only  a  main  longi- 
tudinal edge,  divided  by  vertical  slits,  like  the  teeth 
of  a  saw. 

The  mastodon  must  have  made  the  same  use  of 
its  teeth  as  the  hog  and  the  hippopotamus,  which 
possess  the  same  dental  characters.  It  would  search 
afler  succulent  vegetables,  roots,  and  aquatic  plants ; 
but  it  hunted  not  for  nourishment,  in  living  prey. 
This  trituration  of  vegetable  diet  wore  down  the 
nipples  of  its  teeth,  bringing  the  crown  into  the 
blunted  flat  state  which  so  frequently  occurs ;  in 
some  cases  the  pyramids  being  only  partially  rubbed 
away,  and  in  others  being  smoothed  down,  into 
a  surface  of  osseous  substance  surrounded  with 
enamel.  The  section  of  each  of  the  pyramids, 
somewhat  under  its  apex,  represents  a  lozenge.  The 
roots  of  these  teeth,  like  those  of  all  others,  are  not 

with  ordinaj^  bone^ 
le  end  calcareous  pbos- 
ire,  mode  of  depoutioo, 
r  fibrous,  but  consists  of 
the  diploe  of  the  skull, 
lature.  Hence  no  part 
AnatomUtB  have  been 
therefore  much  to  blame  in  Aee\$nBl\it%\i'j  ^b«  ijeriu  osnficaiiou,  the  vital 
iction  which  develops  and  \n(\axMeBlB«ft\.—CuinCT,Ou»™eM'F<iuaec^ 
*m.  I.  p.  Z&;et  teq. 


substance  in  particular  has  nothing 

except  as  to  its  chemical  composition,  of  gel( 
pbaie,  but  it  possesses  no  resemblance,  in  te 
or  of  growth.  Its  tissue  is  neither  cellular,  i 
plates  laid  together.  Those  who  compare  it 
supposing  it  full  of  cells,  give  ^se  ideas  of  it 
of  a  tooth  is  r^enerated  when  it  is  worn  away. 
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formed  till  afler  the  crown,  and  are  never  ibund 
complete  till  the  teeth  show  a  little  wearing.  From 
the  thickness  of  the  enamel,  the  collar  or  neck  of 
the  tooth  is  much  swollen. 

The  disposition  of  the  grinders  in  the  adult 
mastodon,  is  four  in  each  jaw  j  of  which  the  two 
front  ones  in  the  upper  have  6  points,  and  the  other 
two  have  8  ;  in  the  lower,  the  two  anterior  have  6  ■ 
points,  and  the  two  posterior  10.  It  moreover 
appears,  that  the  great  mastodon  had,  successively, 
at  least  four  grinders  in  every  side  of  its  jaws ;  but, 
as  happened  to  the  elephant,  these  teeth  never 
appeared  all  together  in  the  mouth.  Their  succession 
took  place,  in  both  animals,  from  behind  forwards. 
When  the  posterior  one  began  to  cut  the  gum,  the 
anterior  one  was  greatly  worn  and  ready  to  drop 
out.  In  this  way,  they  replaced  one  another.  There 
does  not  seem  to  have  been  ever  more  than  two  on 
each  side  in  full  exercise ;  and  finally,  only  one  as 
in  the  old  elephant  Thus  the  effective  number  of 
molar  teeth  which  could  act  together  was  8  in 
youth,  and  only  4  in  extreme  old  age.  This  result 
tends  considerably  to  abate  tlie  ideas  formed  about 
the  size  of  the  mastodon,  by  those  who  imagined 
it  to  have  had  as  many  grinders  as  man,  all  equal 
to  the  largest.  Buffon  for  instance,  says,  "  The 
square  form  of  these  enormous  grinding  teeth, 
proves  that  they  were  numerous  in  the  jaw-bone  of 
the  animal ;  and  supposing  only  6  or  even  4  on 
each  side,  we  may  conceive  what  an  enormous 
head  it  must  have  had  to  contain  at  least  16  grind- 
ers, every  one  weighing  10  or  11  ■^MtvAa."  — t-p^- 
^ues  de  la  Nature.     Note  Justif.  9. 
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no  less  than  seven  large  chests  of  fossil  wood  and 
fossil  bones  from  the  banks  of  the  river  Irawadi, 
near  the  town  of  Wctmasut,  about  halfway  between 
Ava  and  Prome,  in  latitude  21"  to  '22°  N.  To  add 
to  the  interest  of  this  discovery,  two  new  specimens 
of  mastodon  were  foimd,  diflering  materially  from 
every  species  hitherto  described.  On  an  examina- 
tion of  the  structure  of  the  teeth,  this  discovery  will 
be  seen  to  have  still  greater  claims  to  attention  ; 
for  it  illustrates  very  beautiftdly  the  gradual  shades 
of  difference  by  which  nature  passes  almost  imper- 
ceptibly from  one  form  to  another,  and  helps  to  fill 
up  the  interval,  which  has  hitherto  separated  the 
mastodon  from  the  elephant. 

On  comparing  the  teeth  of  the  mastodon  latidens 
with  those  of  the  mastodon  of  the  Ohio,  (mast, 
gtganteum,)  we  shall  find  the  elevated  points  or 
ridges  in  the  tooth  of  the  former  more  numerous, 
less  distant,  and  the  interstices  less  deep  tlian  in 
those  of  the  latter ;  in  short  we  shall  observe  that 
the  teeth  begin  to  assume  the  appearance  of  those  of 
the  elephant.  On  advancing  to  mastodon  elephan- 
toides,  we  shall  find  all  these  features  of  similarity 
more  strongly  developed  ;  the  points  and  ridges  are 
still  more  numerous,  and  the  structure,  were  it  not 
for  the  absence  of  crusta  petrvsa,  (the  cortical)  be- 
comes almost  that  of  the  tooth  of  the  elephant.  In 
both,  though  the  teeth  are  formed  upon  the  principle 
by  which  the  tooth  of  the  mastodon  is  distinguished 
from  that  of  the  elephant,  the  crown  of  the  tooth 
wears  away  more  hke  the  tooth  of  the  elephant  than 
that  of  the  other  maslodoua  ■,  wni.-^W'ft.NJocn,  exhi- 
bits a  surface  not  unUke  V\va\.Y^«s,e-c\\ft^>y3  \!we.-«<sTO. 
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tooth  of  an  Asiatic  elephant.  These  observations, 
says  Mr.  Clift,  will  not  it  is  hoped  be  deemed  out 
of  place  J  for  many  a  link  in  the  chain,  which  the 
zoologist  who  confines  himself  to  the  study  of  living 
animals,  seeks  in  vain,  may  be  found  in  the  relics  of 
a  former  state  of  animal  life.  The  size  of  M.  lati- 
dens  appears  to  have  equalled,  if  it  did  not  surpass 
that  of  the  largest  living  elephant. — GeoL  Trans. 
Second  Series,  vol.  II.  p.  370. 

Mr.  Clift  finds  that  Done  of  these  Birman  bones  belong  to  the  foaul 
elephant,  but  only  to  ita  companion  animals  of  the  diluvial  loam, 
namely,  the  rhinoceros,  hippopotamus,  mastotlon,  and  hc^.  Bones 
oF  two  or  three  species  of  ruminanta  have  been  also  detected,  which 
resemble  the  ox,  the  antelope,  and  the  deer;  as  aleo  of  the  gavial, 
the  alligator,  and  two  freshwater  tortoises,  the  trionyx  and  the 
emyt. 

The  mastodon  teeth  come  from  animals  of  every  age;  and  there 
are  several  fragmenta  of  ivory,  belonging  also  probably  to  mu- 
todon  tuslcs.  The  remains  of  this  animal  are  by  much  the  most 
DnmeroDS,  amounting  to  150  pieces. 

There  are  about  ten  fragments  of  the  rhinoceros,  tvO  of  a  small 
species  of  hippopotamas,  one  of  a  hog,  about  twenty  of  ox,  deer 
and  antelope  ;  aboat  fifty  of  gavial  and  alligator  ;  with  twenty  of 
emys  and  tea  of  trionyx.  One  of  the  fia^meDta  of  emys  is  so 
large  that  the  animal  which  owned  it,  mtut  have  been  sereral  feet 
broad.  As  the  bones  are  impregnated  with  hydrate  of  iron,  they 
are  very  dense,  and  in  a  state  of  perfect  preservation  ;  btit  none  of 
them  are  silicified,  tbongh  such  a  report  was  circulated.  The  dia* 
trict  ia  which  they  were  found  is  a  nuge  of  barren  hills,  intersected 
by  ravines,  consisting  of  sand  with  beds  of  gnvel  occasionally 
cemented  into  a  conglomerate  by  carbonate  of  lime,  with  hydrate 
of  iron.  Over  the  surface  of  these  hills  the  fragments  of  bones  and 
wood  are  scattered ;  soraetimes  quite  bare ;  at  others,  half  buried 
in  the  sand  and  gravel,  while  several  pieces  of  the  wood  lie  in  the 
bottom  of  the  ravines.  Aboat  one>third  of  the  bones  have  been 
slightly  rolled ;  and  all  the  rest  bare  been  broken  Vo  {l«t^l«o^A^ 
mattered,  and  buried  by  the  action  of  tW  «»&«  vaXen  v'Vn'^  ^v^ 
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tluced  tbe  diluvUl  sand  and  gravel,  whence  ibey  hare  bem  exbaawd 
and  lai<l  bare  l>y  reins  and  toirenLs, 

Concretioo!)  of  sand  and  giarel  adhere  to  scvcnJ  of  the  konn, 
but  tliey  coniaiu  do  traces  of  shetU ;  differiug  in  their  mineralt^cAl 
relatioiM  from  all  tlieHpcimenxofrockscuUected  by  Mr.  Crawfurd, 
which  belong;  to  the  tertiary  and  freshwater  formations, 

Mr.  Crawfui-d  clearly  nhowa  that  it  ix  impin^ible  lo  ref«r  tbe 
Hiluatian  of  the  bones,  or  tbe  origin  of  tbe  hills  which  contain  tbcra, 
to  the  action  of  the  existing  river.  These  hilb  are  60  feet  aboro 
its  tiigheat  floods.  He  observes  also  tliat  the  effect  of  iln  artiial 
operations,  it  distinctly  visible  in  the  moving  islands  of  raud  and 
sand  which  abound  along  the  course  of  the  liver,  at  tbe  level  of  its 
highMt  Boods,  and  in  the  great  allavial  delta  nhicli  begins  a  little 
below  Proroe,  and  extends  to  Rangoon  and  the  gulf  of  Martabaa. 

The  recent  bones  and  wood,  which  he  observed  dispersed  in 
some  of  theBp  islands,  liad  no  tendency  to  mineralize,  but  on  tlie 
contrary  were  in  a  state  of  rapid  decomposiuon. 

From  the  facts  above  enumerated  by  Mr.  Crawford,  Dr.  Buckland 
draws  the  following  conclusions ;  that  the  Birman  country  contains 
not  ooly  tbe  remains  of  fossil  animals  enumerated  above,  but  also 
examples  of  the  following  geoli^cal  formations,  nhicb  may  be 
regarded  as  identical  with  those  of  Europe  ;  viz. : 

1.  Alluvium. 

2.  Diluvium. 

3.  Freab  water  marl. 

4.  London  clay  formation  and  crag'limestone,  (ealeaire  grotaier). 

5.  Plastic  clay  with  its  sands  and  gravel. 

6.  Tranutiou  limestone  and  gray-wacke. 

7.  Primitire  marble  and  limeatonev~<jeoJ<:>7iDa/  Trantactiota, 
ItttA  April,  1828. 

III.  Fossil  Hippopotamus. — There  is  only  one 
existing  species  of  hippopotamus;  but  M.  Cuvier  has 
discovered  the  remains  of  two  and  probably  of  four 
fossil  species.  The  first  of  these  is  so  similar  to  the 
living  species  that  he  was  puzzled  at  first  to  distin- 
guish between  the  two  -,  a  second  ia  nearly  of  the 
«' w  of  the  wild  boar,  buV  m  o\.\\e^  ttw^ttAs.,  "yasX.  «. 
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miniature  of  the  lai^  species.  The  third  is  almost 
intermediate  between  the  two  preceding  ones. 
Lastly,  he  has  observed  traces  of  a  fourth,  almost 
as  large  as  the  hog  of  Siam. 


Hie  above  figure,  L  of  the  nature]  nze,  reprcKiits  a  fragment  of  the 
ujiper  JHW  or  a  hippopotamus,  containing  two  teeth,  the  last  and  second 
last  Diolam  of  the  left  ^de,  in  that  state  of  dentition  precisely,  in  which 
the;  may  be  most  easily  recc^ised  by  the  trefoil-like  lineomcnta  of 
their  cTOwD.     The  original  is  now  in  the  cabinet  of  M.  de  Drfee  at  Paria. 

Hippopotamus*  bones  are  nearly  as  numerous  in 
the  upper  Val  ^Amo  in  Tuscany,  as  elephants,  and 
more  so  than  those  of  the  rhinoceros.  They  are 
indiscriminately  mixed  with  each  other  in  the  same 
diluvial  strata,  or  sandy  hills,  which  form  the  first 
ranges  of  the  mountains  surrounding  that  beautiful 
valley.  A  fine  tusk  has  been  exhumed  out  of  the 
sands  of  the  plain  of  Grenelle,  near  Paris.  Hippo- 
potamus bones  have  been  found  in~ diluvium,  near 
Oxford,  Brentford,  and  Walton  in  Essex  j  and  in 
Kirkdale  cave.  By  a  skilful  comparison  of  these 
bones  with  those  of  the  living  hippopotamuses,  M. 
Cuvier  has  proved  that  the  two  skeletons  dif]fer 
nearly  as  much  as  the  fossil  elephants,  and  rhino- 
ceroses, differ  from  those  of  our  timea. 

IV,  The  fossil  ^Aiftoceros.— TViw  ^mms*  e^NxMsi- 
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(linury  as  it  must  appear  to  those  who  contemplate 
it  tor  the  Hrst  time,  stands  somewhat  less  insulated 
among  animals  than  the  elephant.  It  is  connected 
in  a  distinct  manner,  by  its  osteology,  to  the  damans, 
tapirs,  and  Iiorses;  and  among  fossil  forms,  tliere 
are  several  genera  which  resemble  it  in  certain  par- 
ticulars. The  fossil  bones  of  the  rhinoceros, 
although  less  numerous  than  those  of  elephants,  are 
not  so  in  any  very  great  degree.  Both  of  them  are 
found  in  the  same  countries,  and  in  the  same 
localities ;  but  the  teeth  of  the  rhinoceros  being 
less  bulky,  have  not  been  so  often  recognised.  Nor 
do  these  animals  possess  like  elephants,  those  enor- 
mous ivory  tusks,  which  could  not  be  seen  without 
exciting  much  attention.  Hence,  fewer  fragments 
have  been  collected  of  the  genus  under  review,  and 
hence  they  have  been  less  talked  of  by  naturalists. 

Tliere  are  different  species  of  the  fossil  rhinoceros, 
but  the  most  remarkable,  and  that  longest  known, 
has  its  nostrils  separated  by  a  bony  partition. 

In  l66S,  in  digging  a  well  at  Cliartham,  3  miles 
"from  Canterbury,  at  a  depth  of  17  feet,  the  first 
noticed  fossil  bones  of  rhinoceros  were  found.  But 
it  was  not  till  I768,  that  Pallas,  then  appointed 
director  of  the  Academy  of  Petersburg,  found 
among  its  collection  of  fossil  bones  from  Siberia, 
4  skulls  and  5  horns  of  rhinoceros.  Having  travelled 
through  Siberia  himself,  be  adduced,  15~  years  after 
the  above  date,  a  great  multitude  of  new  facts  to 
the  same  purpose.  In  1773,  he  published  the  nar- 
rative of  the  astonishing  discovery  of  an  entire  rhi- 
noceros, found  ■wltU  V\s  aV-vftj  m  December  I771, 
buried   in  the  sand,  on  \.\\e\j«a>fsoi  -ilft^^Avriv -a. 
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river  which  runs  into  the  Lena,  bplow  Jakoutsk,  in 
the  G4th  degree  of  North  Latitude.  To  this  notice, 
he  added  the  figure  and  description  of  a  pretty 
complete  fossil  cranium. 

Bones  of  rhinoceros  have  since  been  found  in 
almost  every  part  of  Europe  ;  near  QuedHmbourg 
in  Germany ;  Darmstadt  on  the  banks  of  the  Rhine, 
along  with  elephants'  and  ox  bones  ;  a  skull  in  the 
territory  of  Worms;  a  skull  at  Weissenau  near 
Mayence  ;  at  Strasbourg ;  near  Cologne;  a  whole 
skull  near  Lippstadt  in  Westphalia  ;  a  heap  of  bones 
of  elephants,  rhinoceroses,  and  hyscnas,  between  Os- 
terode  and  Dorste  ;  near  Burgtonna  in  Gotha,  teeth 
and  bones  of  rhinoceros ;  in  various  parts  of  France; 
most  abundantly  in  Italy,  particularly  in  the  Val 
d'Arno,  besides  a  whole  skeleton  on  a  hill  parallel 
to  Monte  Pulgnasco,  not  far  from  where  M.  Cortesi 
had  also  found  before  the  skeleton  of  an  elephant. 
In  England  such  fossil  remains  are  very  common. 

At  Chartliam,  in  the  old  locality,  a  fragment  of 
an  under  jaw  containing  two  teeth,  was  dug  up  in 
1773.  In  the  gravel  pits  of  Brentford,  a  mile  north 
of  the  Thames,  immediately  reposing  on  the  London 
clay,  were  discovered  in  1813  several  fossil  bones 
of  elephants,  hippopotamuses,  stags,  and  oxen,  de- 
scribed in  the  Pbil.  Trans,  for  1813.  The  third  * 
figure  of  pi.  IX.  is,  according  to  M.  Cuvier,  an 
upper  grinding-tooth  of  a  rhinoceros.  Several  bones 
of  the  same  animal  have  been  found  at  Walton 
opposite  to  Harwich.  At  Newham  near  Rugby  in 
Warwickshire,  there  were  dug  out  of  a  diluvial 
gravel  mixed  with  clay  resting  on  a  bed  of  V\aa.\\w*.- 
stone,  in  J81S,  two  skulls,  and  o\.\\et\wH\e*  <it  -^xwi- 
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ceros,  with  3  very  large  elephants'  tueks,  and  some 
stags'  horns.  More  lately  at  Lawton  near  the  same 
village  of  Rugby,  several  other  bones  of  rhinoceros 
were  discovered  in  diluvium.  In  1817.  Sir  Everard 
Home  read  to  the  Royal  Society  an  interesting 
memoir  on  fossil  bones  of  rhinoceros  found  by  Mr. 
Wiitby  at  Oreston  near  Plymouth,  in  a  limestone 
cavern,  160  feet  deep,  in  the  solid  rock.  The 
proper  moutli  of  tliat  cavern,  which  was  45  feet  long, 
had  been  probably  filled  up  by  the  convulsions  of 
the  deluge.  Here  teeth,  vertebra;,  and  other  bones, 
belonging  to  3  individuals,  were  found.  Some 
rhinoceros'  bones  have  also  been  detected  in  the 
caves  of  Kirkdale  and  Wirksworth,  of  the  Crawley 
rocks  near  Swansea,  and  Paviland.  To  the  above 
must  he  added,  the  bones  found  in  Ava. 

From  a  comparison 
'  of  the  whole  facts, 
I  M.  Cuvierconcludes, 
that  a  large  unknown 
species  of  rhinoceros, 
is  found  in  a  great 
number  of  places  in 
Europe  and  Asiaj  the 
integrity  of  whose 
bones  indicates  that 
they  have  not  been 
transported  from  a 
distance,  but  have 
been  buried  by  a  sud- 
den revolution  of  the 
globe,  w\ucVi  has  Ac^-lro^ed  the  whole  species.  Its 
size   was  nearly  t\\e  sotvg  ^xn^r  "OwsN.  ct  >\\^  Vvvla^ 
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rhinoceros.  But  there  were  3  other  fossil  q>ecies ; 
one  of  them  much  smaller,  not  equalling  the  tapir 
in  size. 

V.  The  Elasmotherium.'^This  is  a  genus  of  fossil 
animal  of  Siberia,  discovered  and  described  by  M. 
Gothelf  de  Fischer,  aulic  counsellor  of  the  empe- 
ror of  Russia,  and  Professor  at  Moscow.  Its  teeth 
are  very  peculiar,  showing  its  diet  to  have  been 
more  completely  graminivorous  than  that  of  the 
rhinoceros ;  and  more  similar  in  this  respect  to  the 
elephant  and  the  horse.  M.  Cuvier  considers  it  as 
forming  an  intermediate  link  between  t^e  horse  and 
rhinoceros,  but  of  the  size  of  the  latter.  It  had,  prob- 
ably, the  aspect  of  a  gigantic  horse ;  and  is  thought 
by  M.  Cuvier  to  have  been  an  astonishing  animal. 

VI.  Fossil  Horse. — ^The  bones  of  this  animal  are 
almost  as  common  in  the  diluvial  strata  as  those  of 
any  other  of  the  larger  species  ;  but  they  have  been 
hitherto  little  attended  to  in  the  works  on  fossil 
remains.  There  are  thousands  of  horses'  teeth  in 
the  celebrated  deposit  of  bones  of  elephants,  rhino- 
ceroses, tigers,  and  hyasnas,  discovered  in  17OO, 
near  Canstadt  in  Wirtemberg.  A  similar  assem- 
blage was  recently  discovered  at  Thiede  near 
Wolfenbiittel ;  at  Fouvent  in  France  ;  in  the  Val 
d*Amo ;  in  the  caves  of  Kirkdale,  Mendip,  Clifton, 
and  Plymouth,  and  Paviland  in  England ;  in 
diluvial  loam,  near  Oxford,  Walton,  and  Lawford. 
M.  Cuvier  says  he  has  been  always  struck  with  the 
fact  that  the  really  fossil-horse  bones  never  attain  to 
the  magnitude  of  those  of  our  great  horses ;  remain- 
ing usually  at  the  middle  size  of  zebras  and  large 
asses. 
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He  concludes  that  a  species  of  the  genus  horse, 
served  as  a  faithfiil  companion  to  the  elephants  and 
the  other  anhnals  of  tlie  same  ejioch,  whose  remains 
are  iiow  numerously  scattered  among  t!ie  diluvial 
beds  ;  and  that  tliere  is  no  very  marked  difference 
between  its  bones  and  those  of  our  living  breeds. 

VII.  The  daman,  the  tapir,  and  the  rhinoceros, 
possess  great  osteological  affinities,  as  well  as  the 
skeleton  of  the  horse;  but  their  dift'erences  are 
such  as  to  allow  of  intermediate  genera.  These 
intervals,  these  chasms  now  left  in  the  series, 
appear  to  have  been  anciently  tilled  up  by  genera, 
of  which  nothing  but  the  fossil  remains  are  known 
to  us ;  but  whose  teeth,  feet,  and  other  character- 
istic organs  lean  in  part  to  the  one,  and  in  part  to 
the  other  set  of  animals  ;  yet  ditieiing  from  them 
as  a  whole. 

TJius  we  find  in  the  environs  of  Paris  and  else- 
where, the  genus  of  the  pakcotheriums,  which 
resemble  the  tapirs  in  their  incisor  and  canine 
teeth,  and  especially  in  having  nasal  bones  adapted 
to  bear  a  proboscis  ;  but  with  grinders  like  those  of 
the  rhinoceros  and  the  daman. 

In  the  same  locality  we  obser\'e  the  gemis  ano- 
plotherium,  which  has  also  grinders  akin  to  those  of 
the  rhinoceros  and  daman,  the  nose-bones  of  which 
are  formed  as  in  the  greater  number  of  quadrupeds  ; 
but  whose  incisor  and  canine  teeth,  as  well  as  feet, 
are  disposed  in  a  singular  manner  in  this  class  of 
animals.  All  its  teeth  form  merely  one  uninter- 
rupted series  aa  in  -mam,  a.'ft^WsS^^A.V-is't  ouly  two 
toes  like  those  o?  tuwv^^mA-?,,  '«\\:cvcNA.\va.N\^^'C'>N^x, 
metatarsal  and  iivelacaTva\  ^^'^^^^  ^^"^^^^^  "^^"^^  ^"^^ 
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body  (canon)  as  they  are  in  the  above  family. 
Among  these  various  exuviae  we  may  discover 
some  which  appear  to  resemble  the  tapir  more  than 
any  other  genera,  by  the  transverse  and  almost 
straight  hillocks  (collinesj  which  stand  in  relief 
on  several  of  their  grinders ;  which  M.  Cuvier 
classes  under  the  head  of 

VIII.  Gigantic  fossil  tapirs. — Most  of  the  bones 
referred  by  M.  Cuvier  to  this  genus  have  been 
found  at  Comminge  near  the  river  Louze  and  at 
Chevilly  in  France.  He  considers  one  species 
of  this  animal  to  have  been  18  feet  long,  and  11 
high,  which  makes  it  equal  to  elephants,  and  to 
the  great  American  mastodon.  Other  individuals, 
those  of  Carlat  and  Chevilly  must  have  been  a  little 
less ;  but  they  were  still  very  formidable  animals. 
It  would  appear  that  these  gigantic  tapirs  date  from 
the  same  epoch  as  the  fossil  mastodons  and  ele- 
phants ;  that  they  lived  along  with  them,  and  were 
destroyed  by  the  same  catastrophe,  since  their  bones 
are  found  in  the  same  diluviumj  and  sometimes  as  at 
Chevilly  and  Avaray  mingled  pele-mele  with  theirs. 
IX.  Fossil  lophiodons.* — This  is  a  genus  of 
animals  akin  to  the  tapirs  by  their  incisor  and  canine 
teeth,  and  by  their  size ;  but  whose  anterior  and 
posterior  grinders  present  some  differences.  It 
is  doubtful  if  these  animal  remains  belong  to  the 
diluvial  detritus.  M.  Cuvier  thinks  that  they  should 
be  referred  to  the  superior  regular  strata,  and  are 
therefore  of  a  prior  date  to  the  fossil  elephants, 
mastodons,  &c.     Many  of  them  have  been  fovmd 

*  From  the  Greek ;  hiWocWoTiftcA  w  ct«xe^V«»'^- 
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near  the  village  of  Isse!,  along  the  slojies  of  the 
Montagne-Noire,  department  of  Aude,  impasted  in 
a  very  hard  kind  of  pudding-stoQe,  or  alluvial  sand- 
stone, composed  of  siliceous  grains  of  different 
colours,  rolled  and  irregularly  rounded,  and  bound 
together  by  a  calcareous  cement.  A  great  portion 
of  the  bones  were  mutilated,  and  a  greater  number 
still  had  been  rolled  before  being  incrusted.  Some 
are  dyed  black,  others  dun,  and  others  a  beautiful 
violet.  Besides  the  bones  of  lophiodons,  and  paleo- 
theriums,  there  have  been  extracted  from  that 
breccia,  bones  of  crocodiles,  bones  of  large  turtles, 
probably  of  the  genus  emydes,  and  incontestible 
bones  of  the  trionyx  or  soft  turtle  j  circumstances 
the  more  remarkable  as  these  different  genera  accom- 
pany one  another  almost  constantly  in  the  localities 
where  they  have  left  their  exuvise.  The  lophio- 
,  dons  occur  very  numerously  in  these  recent  con- 
glomerates. 

Their  generic  characters  consist : 

1.  In  6  incisors  and  two  canine  teeth  in  each 
jaw;  7  molares  or  grinders  on  each  side  in  tlie 
upper  jaw,  and  6  in  the  under,  with  a  vacant  space 
between  the  canine  and  the  first  molaris ;  points  in 
which  they  resemble  the  tapirs. 

S.  In  a  third  crest  on  the  last  under  molaris ; 
which  is  wanting  in  the  tapirs. 

3.  In  the  anterior  grinders  of  the  lower  jaw 
having  no  transverse  hillocks  as  in  the  tapirs,  but 
presenting  a  longitudinal  series  of  tubercles,  or  one 
insulated  conical  tubercle. 

4.  Inthesuperior  gnndcTsKavvng their  transverse 
crests  more  oblique,  \.\\eie\j^  aisi'n\ft'i)A«.-ftnxvw.'exQ&, 
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from  which  they  difler  by  the  absence  of  the  hooks 
in  their  crests. 

What  is  further  known  concerning  the  oste- 
ology of  the  lophiodons  indicates  manifest  affinities 
with  the  tapirs,  rhinoceroses,  and  in  some  particu- 
iars,  witli  the  hippopotamuses.  There  are  several 
species  of  them  ;  the  whole  remains  of  which  are 
found  enveloped  in  beds  containing  exclusively 
freshwater  shells  ;  associated  with  amphibious  ani- 
mals, such  as  the  crocodile  and  trionyx,  winch  now 
inhabit  the  freshwaters  of  hot  countries ;  but  in  a 
few  places,  these  remains  are  covered  with  a  stra- 
tum undoubtedly  of  marine  formation. 

X.  Of  the  Megatherium. 


This  is  of  ail  the  fossil  animals  of  very  great  size, 
the  most  lately  discovered,  and  liitherto  the  rarest ; 
and  yet  it  is  the  one  whose  osteology  was  first  com- 
pletely understood,  in  consequence  of  all  its  bones 
being  found  assembled  in  one  place,  and  of  their 
being  immediately  mounted  into  a  skeletoti.  'sVsK 
the  utmost  care.  To  the  pxuse  o?  tVe  ?»^mkoi^'*- 
2ci 


must  be  said,  that  they  first  gave  this  useful  lesson, 
since  followed  by  Mr.  Peale  in  the  American  Mas- 
todonte,  and  by  Mr.  Adams  in  the  Siberian  elephant     ■ 

From  the  publication  of  Don  Joseph  Garriga,  it 
appears  that  Spain  has  been  long  in  possession  of 
considerable  portions,  of  at  least  three  different 
skeletons.  The  first  and  most  complete  is  that  in 
the  Royal  Cabinet  of  Madrid.  It  was  sent  thither 
in  the  course  of  September  1789,  by  the  Marquis 
de  Loretto,  viceroy  of  Buenos  Ayres,  with  a  notice 
intimating  that  it  had  been  found  in  excavations 
made  on  the  borders  of  the  river  Liixan,  a  league 
south-east  of  the  city  of  the  same  name,  which  itself 
is  3  leagues  to  the  west-south-west  of  Buenos  Ayres. 
The  soil  in  which  it  was  found  is  raised  only  about 
36  feet  above  the  level  of  the  water.  A  second 
skeleton  arrived  ia  1795,  at  the  same  Cabinet,  sent 
thither  from  Lima ;  and  a  third,  which  father  Fer- 
nando Scio  of  the  pious  schools  possessed,  had  been 
presented  to  him  by  a  lady  returning  from  Para> 
guay.     These  two  cannot  now  be  found. 

The  first  animal  of  1789  was  mounted  np  by  Jean-Baptiate-Bn 
protecteur  of  the  RoyBl  Cabinet  of  Madrid,  who  delineated  tba  en- 
tire  figure  of  it,  and  its  different  parts  in  five  platai  which  he  got 
engraved,  and  published  with  a  minntely  delailetl  description.  In 
1818  the  megatherium  was  inspected  by  a  Livonian  anatoiniat  and 
a  German  drattgbtsoiui  conjoiotly,  who  published  at  Bonn  in  1821 
an  exact  description  and  representation  of  the  skeleton. 

The  first  glance  at  its  head  lays  open  to  ns  the  most  marked  re- 
lations with  tlie  Bttncture  of  the  sloths  and  their  u  species  of  Bnf- 
fon.  The  most  striking  point  of  resemblance  is  the  long  deacend- 
ing  apophysis  on  the  cheek,  placed  at  the  anterior  base  of  the  z]^o- 
matic  arcade.  This  is  as  long  in  proportion  in  the  ai,  as  in  the 
megatheriunL,batmihe\atteT\vVs&«.m<»«'>^^t^t  direction.  TIm 
foasi)  has  also  the  aicaAe  w  w>k  v^ma,  -v^kCua-wNk  ^aMMa-CMnona^'v,, 
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Itotfa  Bpeciea  of  slothi  even  when  full  grown ;  howerer  trocet  may 
Mill  be  Beea  in  the  arcade  of  the  megatherium  of  the  stnictore  pe- 
culiar to  Hlotbs. 

The  long  oblique  process  which  rites  from  the  upper  eilge  of  the 
arcade  exists  aUo  in  the  at.  The  maltitode  of  holes  and  little  ca- 
nala  with  which  the  front  part  of  the  fossil  muzzle  is  riddled,  would 
allow  vessels  and  nerves  to  pass  through  proper  for  cherishing  a  con- 
nderable  organ  like  a  proboscis,  which  must  however  have  been 
very  short,  seeing  the  length  of  the  neck.  As  the  bead  has  a  mo- 
derate uze  and  carries  □□  tusks,  along  neck  was  not  so  injunoas  as 
it  would  be  in  the  elephanL 

The  grinder  teeth  amonnt  to  fow  on  each  side,  both  of  the  upper 
and  under  jaw,  &nd  like  those  of  sloths,  have  a  prismatic  form  and 
crown  traversed  by  a  furron'.  The  sloths  have  one  tooth  mora 
in  die  upper  jaw.  The  former  have  two  roots,  the  latter  a  single  one. 
.  If  the  iiumber  of  seven  vertebrs  seen  in  the  neck  of  this  skele- 
ton be  real,  as  the  analogy  of  other  quadrupeds  would  make  na 
readily  believe,  the  megatherium  will  differ  much  in  this  respect 
from  the  sloth  ai,  which  deviates  in  its  nine  cervical  vertebne  from 
all  kown'  quadrupeds.  Tliere  are  in  the  megatherium  sixteen 
dorsal  vertebra  aud  coDsequently  sixteen  ribs  on  each  ude,  and 
there  are  three  lumbar  vertebne.  This  is  exactly  the  number  iu 
the  ai.  The  relative  proportion  of  the  extremities  is  not  the  same 
as  in  the  sloths,  wfaicli  have  the  forelegs  double  the  length  of  their 
hind  legs.  Here  thttt  inequality  is  much  less.  On  the  other  hand 
the  disproportionate  thickness  of  the  bones  of  the  thigh  and  leg, 
which  begin  to  be  visible  in  the  sloth,  the  armadillo,  and  especially 
the  pangolin  or  short-tailed  manis,  is  carried  in  the  fossil  skeleton 
to  an  excessive  degree,  the  thigh  bone  having  a  length  only  double 
of  its  greatest  thickness,  which  makes  it  grosser  than  any  animal 
known,  even  the  great  mastodonte  of  tlie  Ohio.  This  general 
disposition  of  the  extremities  leads  us  to  judge  that  this  animal 
had  B  slow  and  regulated  gait,  and  that  it  advanced  neither  bjr  run- 
ning nor  by  leaping,  as  animals  which  have  their  forelegs  shorter 
than  the  bind  ones,  nor  by  creeping,  like  those  with  relatively  long 
bind  legs,  as  the  sloths ;  which  the  megatherium  odierwise  so  much 
reeembles. 

The  shoulder  blade  alone  would  indicate  the  fanaVi  oS"A»Msai»i, 
ud  the  ^auB  to  which  it  is  mort  tlXwA.    \l  ^waiMftoi^lt^)^* 
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;;remt  snle.  tlie  Rsim  proportiDtie  fw  the  sloths,  bat  it  exhibto  •!■<> 
the  round  hole  ohMrvnble  in  thiw  genus,  m  well  u  in  tlw  BtcMto 
ant-eat(^r  ftajtutnttuaj  ;  and  further  it  possess*^  in  comlDDIi  widf 
ttie  slotliB  thix  cliarwter  nnknown  ttlwwhere  aicong  the  wamimfiTw, 
that  it*  acromion  process  is  prolonged  in  form  of  an  arc.  and  got* 
rorwanlH  to  join  itself  with  the  coracoid  beak,  affording  throatih  it  an 
articnbtioD  with  the  clavirle.  The  presenre  of  clavicles  rptnoTM 
thf  mppaiherium  considerably  from  all  the  quadnipeds  which  migtrt 
\m  coofoundeil  with  it  on  account  of  it4  huge  aisu?.  bh  the  elephant, 
rliinoceroB,  and  all  tlie  lai^  mminatiog  animalH.  none  of  wHA 
possesH  these  bones. 

The  hnmerus  (shonlder-bono)  of  the  megstherinm  is  irery  re- 
markable by  thn  breadth  of  itii  lower  end,  arising  from  the  gTf« 
jnr&cc  of  the  ridges  placed  abotro  its  condyles.  We  thereby  aw 
tbat  tfas  mwdes  ittached  tp  it,  and  whkb  anred  to  more  d» 
palm  and  the  toea,  miut  hnre  been  very  coniideiabla  ,■ — a  new 
proof  of  the  great  use  thia  animal  made  of  its  anterior  extremitieB. 
In  Hke  ttUDer  thia  gnat  brecdth  of  the  bottom  of  the  hmncne 
ia  akb  foimd  in  the  ant-eater,  which  is  known  to  nnpley  ki 
(Monaoos  elawa  for  anapending  itaelf  to  trees,  or  for  digging  op  tlie 
ariid  neatH  of  tennitat.  In  it,  the  bre*dd)  is  three-fifths  of  tfa* 
length,  while  it  is  only  Mie-hslf  in  the  megatberiam  ; — the  propose 
lion  of  the  scaly  ant^cUer  with  a  long  tail  or  the  p/talagin  (Manit 
letradaetyla  Lin.).  In  the  rhinoceros  thia  breadth  is  only  one- 
tUrd,  and  in  the  elephant  one-fonrth  of  the  length.  In  the  nni^ 
nating  snim^,  which  make  almost  no  nae  of  their  toes,  tbne 
ridgea  nearly  disappear. 

Thns  the  affinities  of  onr  foeul  begin  to  exteitd.  From  a  beid 
and  a  RboBlder'blsde  slmoet  exactly  like  a  sloth,  we  hare  come 
to  a  hnmems  nearly  of  an  ant-eater. 

The  basin  resembling  in  its  enormous  size,  that  of  the  elephaM 
and  rhinoceros,  indicates  that  the  megmtheriim]  bad  a  laige  belly 
in  accordance  trith  the  fonn  of  its  grinder  teeth,  and  ahowa  tfal 
it  bved  on  Testable  snhstanees.  The  thigh  bone  is  too  large  (sr  . 
compafiaon  with  any  other  animal.  The  neareot  is  tint  of  the 
rhinoceros,  bat  Uiis  <UfFera  in  having  a  third  trochanter,  whidi  ii 
wanting  in  the  fossil  thigh,  giving  it  a  close  analogy  in  form  wiA 
■  4m  «f  the  pangtitim. 

The  ingpecdon  oi  a.  ^A^Wn.  wi  tOTK^tiot,  «d^ 
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f(Htuiiatety  preserved^  enables  us  to  form  conjec- 
tures somewhat  plausible  on  the  nature  of  the  ani- 
mal to  which  it  had  belonged.  Its  teeth  prove 
that  it  lived  on  vegetables,  and  its  robust  fore-feet, 
armed  with  sharp  claws,  testify  that  it  was  chiefly 
their  roots  which  it  sought  after.  Its  magnitude, 
and  its  talons,  supplied  it  with  alumdant  means  of 
defence.  It  was  not  swift  in  running,  but  tliis  was 
unnecessary,  as  it  had  no  occasion  either  to  pursue 
or  to  fly.  It  would  therefore  be  difficult  to  find  in 
ita  organization  alone  the  causes  of  the  final  destruc- 
tion of  tlie  genus ;  and  yet  if  it  still  exists,  where 
can  it  be?  How  can  it  have  escaped  all  the 
researches  of  hunters  and  naturalists?  Its  ana- 
logies approximate  it  to  diflereut  genera  of  the 
edental  or  toothless  family  of  animals.  It  has  the 
head  and  shoulder  of  a  sloth — a  creature  possess- 
ing both  tusks  and  grinders ;  while  its  limbs  and 
its  feet  exhibit  a  singular  mixture  of  characters 
belonging  to  the  ant-eaters  and  the  armadillos.  It 
has  no  analogy  whatever  with  the  felis  or  tiger 
tribe.-  The  wood-cut  represents  exactly  the  form 
of  its  skeleton,  which  is  fully  IS  feet  long  from  the 
muzzle  to  the  coccyx,  and  9  feet  high  at  the  saddUe- 
seat  The  term  megatherium  signifies  a  huge  wiUd 
beast 

XI.  The  megaUmyx  is  anothea"  large  fosa^  ani- 
mal of  the  edental  iamily,  of  which,  however,  only 
a  few  bones  were  found  at  a  depth  of  two  or  three 
feet,  in  a  cavern  of  the  county  of  Green  Briar,  in 
the  south-west  of  Virginia.  The  district  is  calcare-. 
0U8,  and  consequently  umilar  to  that  of  ttue  iswcusta^  i 
atTBts  of  Germany  ^od  Uungaiy«  'w\vcxe%£^w&nAa& 
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That  there  were  then  at  least  two  species  oi'  ox ; 
one  with  limber  extremities  like  the  bison ;  and 
another  with  thicker  limbs  like  the  bull  or  buftalo  : 
That  the  skulls  similar  to  our  domesticatt^  col 
have  not  been  found  in  an  authentic  manner  except 
in  peat-bogs  or  other  very  superticial  beds.  It  is 
therefore  not  impossible  that  these  may  have  a  more 
modern  origin  than  tlie  elephants'  and  rhinoceros' 
bones,  and  that  they  may  have  belonged  to  the  wild 
stock  of  our  tame  ox. 

No  fossil  bones  have  been  found  which  corre- 
spond to  any  variety  of  the  Indian  or  Cape  buffiiloes ; 
consequently,  if  the  fossil  species  belong  to  the  same 
breed  as  our  living  ones,  they  must  have  been  in- 
habitants of  cold  countries. 

The  skulls  similar  to  those  of  the  musk  buflblo 
of  America  having  been  noticed  only  3  times  on 
the  coast  of  Siberia,  doubts  remain  concerning  tfaem, 
not  only  as  to  the  identity  of  the  species,  but  also 
whether  they  be  truly  fossil,  or  accidentally  im- 
ported from  America  on  rafts  of  Ice. 

III.  The  fossil  bear.— -The  teeth  so  thickly 
strewed  in  the  German  caves,  of  which  thousands 
have  been  sold  for  centuries  back,  under  the  name 
of  the  fossil  unicom,  are  bears'  teeth  perfectly  similar, 
as  to  the  incisors,  the  canine,  and  great  molares, 
with  those  of  our  northern  bears,  but  their  size 
indicates  peculiar  species,  being  larger,  by  at  least 
one-fourth,  than  the  teeth  of  our  living  bears.  These 
cavern  teeth  are  in  general  less  worn,  and  have  thor 
enamel  and  all  their  prominences  more  entire 
than  those  of  our  livrng  Taces  •,  i^Toving  that  the 
extinct  species  weie  mote  eitA^ssw^'j  cBxwwQ,TWtt. 
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The  skulls  of  the  cavern  bears  belong  to  at  least 
two  species. 

1.  The  great  skulls 
with  convex  fronts. 

One  of  these  is  repre- 
sented in  the  wood-cut. 
On  comparing  it  with 
the  skulls  of  living 
bears,  the  former  may 
be  readily  distinguished 
by  the  marked  elevation 
above  the  root  of  the 
nose,  and  the  two  con- 
vex bumps  on  the  fore- 
head at  O,  as  well  as 
by  the  great  promin- 
ence, and  quick  con- 
vergency,  of  the  tem- 
poral ridges  at  C; 
whereas  in  the  skulls  of  living  bears  this  coincidence 
takes  place  one-third  nearer  to  the  occiput.  TMs 
rising  of  the  ridges  denotes  the  very  superior 
strength  of  the  temporal  muscles  inserted  into  them, 
corresponding  to  the  greater  size  of  the  animal. 

S.  The  great  skulls  with  less  convex  fronts. 

This  species  differs  also  in  some  essential  points 
from  the  living  species. 

3.  There  are  smaller  skulls  in  the  caves,  more 
akin  to  those  of  modem  bears,  but  which  M.  Cuvier 
also  refers  to  the  ancient  epocha. 

The  first  form  constitutes  the  to'sus  speleeus  of 
the  German  arclueologists  i  the  second  \^aa>  Vy&^.fv 
called  ursus  arctoides  ;  and  ftie  t\L\x&»  ursus  ■pnscu 
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The  principal  cLuracters  therefore  of  the  akulU  of  tbe  gn&t  fewdl 
bear,  are,  1st,  the  Btrong  cletattoii,  ill  the  foreliead  inuueiliaLely 
above  the  root  of  tho  nose,  and  the  two  convex  bumps  a  little  higher 
up ;  2d,  the  grent  prominence  of  the  temporal  riilges,  tlieir  rapid 
convergency  seen  at  C  in  the  wood-cnt,  a»d  the  length  and  height 
of  the  sagittal  antuns  running  from  C  to  the  hinil-head.  The  black 
bears  both  of  Earope  anil  America  resemble  tbe  fossil  ones,  in 
tbe  form  of  the  ridgeti  more  thun  the  polar  bears  da  ;  but  tbey 
difTer  more  by  tbe  flatness  of  their  forehead.  Tlie  temporal  ridges 
of  the  black  bears  unltp  into  the  sagittal  at  nearly  one-lnilf  the  dis- 
tance between  the  orbita'and  the  occiput ;  but  in  the  fossil  bear,  Bt 
one-third  of  thin  interval,  an  may  be  obserred  at  C.  To  these  dif- 
fereuces,  and  to  Uiose  ])resented  in  the  teeth,  we  may  add  the 
difTerenco  of  size.  The  largest  beads  of  our  brown  bears  mea&uro 
14  j  incljf's  from  ihc  Npinou*  process  of  the  biiid-heud,  to  the  incisor 
teeth ;  and  tbe  largest  of  our  black  bears  of  Europe  measure  a  little 
leas.  But  the  largest  of  the  fossil  heads  with  projecting  frontal 
bones  measure  in  the  above  direction  18i  inches,  being  as  nearly  w 
possible  a  fourth  more ;  which  correspooda  to  the  magnitude  indi' 
cated  by  tbe  molar  teeth.  And  as  the  polar  bear  is  usually  less 
than  our  great  brown  bear.  Camper  bad  reason  to  uy,  that  tba 
fossil  bear  exceeded'  it  by  no  less  than  a  third. 

IV.  The  fossil  hyiena. — A  hjiena  has  certainly 
.  abounded  in  that  ancient  world  whose  ruins  we 
nbw  explore.  Its  bones  occur  not  merely  in  the 
same  receptacles  which  contain  so  many  relics  of 
the  bear,  but  also,  in  the  diluvial  beds  where  such 
multitudes  of  elephants  lie  buried.  The  largest 
deposit  of  hyaena  bones  observed  at  first,  where  their 
numbers,  says  Cuvier,  may  be  deemed  marvellous, 
was  in  the  cave  of  Kirkdale,  so  admirably  described 
by  Doctor  Buckland.  A  far  greater  deposit,  bow- 
ever,  has  since  been  discovered  at  Torquay. 


JAW  BONE  OF  KIUKDALE  HYiBNA. 


Outside  new  of  the  jaw  bone  of  a  fosail  hvrenH  found  at  KirkiUle, 
copied  froin  Dr  fiuckland's  engraving  plate  xviii  fig  2  Phil.  Trans, 
for  IB22  It  IS  about  a  third  larger  than  that  of  the  living  hjiena.  The 
formidable  canine  tusk  is  seen  to  the  left,  then  four  molar  teeth,  the  last 
mnd  largest  of  which  is  called  the  great  camivoroui  fcanuuiierej. 
This  tooth  resembles  ihc  corresponding  one  iu  the  spotted  hytena,  more 
than  in  the  striped-  But  the  spotted  hyLena  has  the  posterior  knob 
(talon)  of  that  tooth  much  less  than  the  striped  and  the  fossil  hyaena. 
The  great  thickness  of  the  teetb  hannonizes  well  with  the  delight  aod 
facility  with  which  hyeenas  are  known  to  gaaw  and  devour  bones. 

The  fossil  hyseoa  seems  to  have  been  more 
powerful  than  the  existing  species  ;  its  limbs  were 
somewhat  thicker  and  shorter ;  and  its  anatomy 
differed  in  some  minute  particulars. 

V.  Fossil /elis,  or  tiger  and  lion  family. — A  very 
large  animal,  and  another  less,  both  belonging  to 
the  genus  Jelis,  have  left  their  exuvise  in  the  caverns 
and  diluvium ;  the  former  has  been  called  Jelis 
speliBa,  the  latter^ft*  antigua.  It  is  therefore  incon- 
testable  that  fossil  species  of  tiger  or  lion,  Hved  at 
the  same  period  with  the  fossil  bears,  and  retired 
into  the  same  caverns,  where  the  bones  of  both 
genera  lie  promiscuously,  along  with  bones  of 
hyaenas ;  but  the  felis  tribe  was  less  nutaet^M.^.    \JV. 
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Goldfuss  eays  that  in  twenty  years,  during  which 
time,  several  hundred  bears'  skulls  were  extracted 
from  the  caves  of  Muggendorf,  no  more  than  15 
^ulls  of  hyaenas  were  found,  and  only  3  or  4  of  the 
Jelis  tribe  ;  but  he  states  that  at  Gaylenreutli,  the 
separate  teeth  and  bones,  and  fragments  of  the 
skidis  of  tigers  or  hons  are  not  rarer  than  those  of 
hya?nas. 

The  inverse  proportion  holds  in  the  Kirkdale 
cave  ;  where  the  liyacna  remains  are  far  more 
numerous  than  those  of  the  other  camivora  ;  while 
'  tke^^  exuviffi  ore  very  Bcarce,  and  there  is  hardly 
a  vestige  of  the  bear.  The  bones  of  the  fossil  _^/w 
are  in  general  stronger  tlian  those  of  the  Uving 
animals  of  this  tribe,  and  in  some  particulars  of 
their  osteology  specifically  different. 

VI.  A  few  fossil  bones  have  been  found  belonging 
to  the  genus  Cants.  These  have  been  rrferred  tx> 
the  wolf  or  dog ;  the  oateolc^  of  these  animals 
being  nearly  the  same  ;  a  few  to  the  fox  and  to  a 
species  the  size  of  the  polecat ;  and  some  to  the 
weasel. 

VXI.  M.  Soemmering  discovered  in  the  cavern  of 
Gaylenreuth  a  skull  of  the  genus  ursus  gulo  or 
^utton,  whose  only  species  now  known,  inh^it 
exclusively  cold  regions. 

'*  The  glutton  and  the  hyaena,  the  rein-deer  aad 
rhinoceros,  in  the  same  caverns,  as  we  observe  at 
Gaylenreuth  and  Breugues ;  the  bison  (aurochs) 
and  the  elephant,  in  the  same  diluvium  as  we  find 
in  the  valley  of  the  Arno,  reveal  certainly  a  state 
■of  the  earth  very  ddffeIetttftom"«\^a^.N^&■wifeafiss,  or 
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imply  in  these  animals  a  temperament  opposite  to 
what  their  kindred  species  now  display."* 

On  these  suggestions  I  would  merely  observe^ 
that  the  fossil  vegetate  remuns  exhumed  in  high 
latitudes,  in  Melville  Island  and  Siberia,  as  well  as 
in  the  strata  of  Germany,  France,  and  England, 
establish  beyond  all  possibility  of  a  donbt  the  &r 
higher  temperature  which  prevailed  in  these  regions 
oa  the  antediluvian  globe,  than  at  the  present  day. 

OF  THE  BONE  CAVERNS.      ' 

All  the  great  calcareous  formations,  the  mountain 
limestone,  as  well  as  the  more  modem,  are  exca- 
vated in  many  directions  into  hrge  vaults  and  As- 
sures, several  of  which  have  been  long  admired  on 
account  of  their  sparry  roofs  and  stalactitic  projec- 
tions. In  the  stratifled  limestone  of  Crete,  lies  the 
famous  labyrinth.  Through  the  whole  island,  says 
Toumefort,  there  is  a  world  of  caverns ;  especially 
in  Mount  Ida,  there  are  holes  you  may  run  your 
head  in,  bored  throi^hand  through,  and  very  deep 
perpendicular  chasms  also  abound.  In  the  lime- 
stone districts  of  England  we  have  likewise  a  vast 
number  of  such  vaults  and  subterranean  rivers,  as 
in  Derbyshire,  where  Mr.  Farey  enumerates  28 
remarkable  caverns,  and  as  many^  open  fissurei^ 
tocally  called  shake-holes,  or  swallow~holes,  from 
their  swallowing  up  the  streams  that  cross  the 
limestone  districts  of  that  country.  The  fissures 
descend  from  the  surface  to  a  very  considerable 
depth,  and  oflen  expand  into  vaults  or  communi- 

•  Ctnw,  OBemei»'FowiU»,T<ao.TV.  V'^^- 


558  BOOK  III^CHAP.  VI^AKlMAt  BUINS. 

.  cate  laterally  with  caverns.     Many  such  excavations 
.  ingiilph  rivers  in  the  limestone  formations  of  the 
Mendip  hills  and  South  Wales,  in  the  west  of  Ire- 
land, Carniola,  and  North  America. 

The  bone  caverns  of  Germany  are  quite  analo- 
gous. Nothing,  says  M.  Cuvier,  is  more  truly 
curious  than  the  new  theatre  into  which  I  am  about 
to  transport  my  readers.  Numerous  grottoes,  bril- 
liantly decorated  with  crystalline  stalactites  of  every 
form,  succeeding  each  other  to  a  great  extent 
through  the  body  of  the  mountains,  communicating 
together  by  openings  ao  narrow  that  b  man  can 
bardly  proceed  by  crawling  on  his  hands,  yet  with 
their  floors  all  bestrewed  with  enormous  heaps  of 
bones  of  animals  of  every  size,  form  undoubtedly 
one  of  the  most  remarkable  phenomena  which  the 
fossil  kingdom  can  present  to  the  meditations  of  the 
geologist,  more  especially  when  we  consider  that  this 
scene  of  mortality  is  repeated  in  a  great  many  places, 
and  through  far  distant  lands.  No  wonder  then 
that  these  vaults  of  death  have  become  objects  of 
research  to  the  ablest  naturalists,  and  that  their  bony 
relics  have  been  often  described  and  figured.  Prior 
to  such  philosophical  inquiries,  however,  these  bones 
were  iamcd  among  the  populace;  who,  as- usual, 
added  many  imaginary  prodigies  to  the  natural 
wonders  which  they  had  seen.  The  bones  were 
long  dug  up  and  sold,  as  bones  of  thejbssil  unicomy 
to  the  apothecaries,  on  account  of  some  singular 
virtues  which  tliey  were  reputed  to  possess ;  and 
there  is  no  doubt  that  this  strange  traffic  contri- 
buted mainly  both  to  l\ie  itweaA^uXicia  of  old  caves, 
and  to  the  discovery  of  ne^  ones. 
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The  most  anciendy  celebrated  cavern  is  that  of 
Bauman  in  the  Duke  of  Brunswick's  dominions,  in 
the  district  of  Blankenbourg,  to  the  south  of  the 
village  of  this  name,  in  a  hill  which  forms  one  of 
the  exterior  slopes  of  the  Hartz  mountains  towards 
the  east.  The  general  direction  of  the  cave  is  from 
east  to  west,  but  the  entrance  looks  to  the  north. 
Although  it  soon  expands  into  an  ample  vault,  the 
mouth  is  narrow,  and  can  be  entered  only  by  crawl- 
ing. The  first  grotto  is  the  largest ;  from  which 
there  ia  a  descent  into  the  second  of  30  feet,  at  first 
by  a  narrow  gallery  through  which  we  must  creep, 
and  then  by  going  down  a  ladder.  This  grotto  is 
the  richest  of  all  the  German  caves  in  stalactites  of 
every  form.  The  passage  to  the  third  grotto  is  at 
first  peculiarly  diflficult,  compelling  the  visitor  to 
advance  on  all  fours ;  but  it  ailerwards  enlarges, 
exhibiting  on  its  walls  stalactites  of  the  most  fantas- 
tic shapes.  From  this  vault,  there  are  two  lateral 
dilatations  which  constitute  the  third  and  fourth 
grottoes  as  delineated  in  the  plan  of  the  Jda  Erudi- 
torum.  At  the  extremity  of  the  passage,  it  is  requi- 
site to  reascend  in  order  to  reach  the  entrance  of 
the  proper  third  cavern,  which  opens  out  like  a 
a  gateway.  Beyond  this  third  grotto,  there  is  said 
to  be  another  passage  terminating  in  two  small 
caves. 

The  Rev.  Dr.  Buckland  has  published  in  his 
Reliquiae  DUuv.  an  accurate  section  of  Bauman's 
Hohle  in  the  Hartz.  The  first  or  grand  chamber, 
is  from  40  to  50  feet  in  diameter,  with  stalactites  on 
various  parts  of  its  roof.  Its  floor  is  covered  witfe. 
a  bed  of  diluvial  loam  contoimng  soxwaVsoaa  "s^^ 
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pebbles,  ami  having  on  its  surface  a  few  fragments 
of  stalagmite,  letl  by  the  labourers  along  with  lai^e 
bicx'ks  of  limestone,  fallen  from  the  roof.  The 
intermediate  expansion  between  tlie  first  great 
grotto  and  the  last,  or  lower  vault,  is  floored 
with  a.  tliick  crust  of  stalagmitic  spar,  covering  a 
lai^'  accumulation  of  loam  and  large  pebbles, 
through  which  are  (bspersed  great  quantities  of 
bears'  bones.  The  lowest  cavern  is  of  a  similar 
nature. 

A  second  grotto,  nearly  as  famous  as  the  first, 
and  at  no  great  distance  from  it,  is  called  the  Uni- 
corn's cave.  It  lies  at  the  base  of  the  castle  of 
Scharzfels,  in  that  district  of  the  electorate  of 
Hanover,  called  the  duchy  of  Grubeuhagen,  on 
nearly  the  last  southern  slope  of  the  Hartz  moun- 
tains. The  entrance  is  ten  feet  high  and  seven 
wide.  There  is  a  vertical  descent  of  fifteen  feet 
into  a  kind  of  vestibule,  whose  roof  gradually  slopes 
downwards  till  at  the  end  of  60  paces,  the  visitor 
is  obliged  to  crawl.  After  a  long  passage,  he  meets 
successively  with  3  or*  caverns,  which  the  country 
people  say  extend  nearly  two  leagues  inta  the 
mountain.  The  bones  taken  from  this  repository 
belong  to  bears,  the  hjEena,  and  a  tiger  ch-  lion. 
Doctor  Buckland,  who  explored  it,  represents  its 
roof  as  hung  with  stalactites  ;  but  much  of  the  car- 
pet of  stalagmite,  as  having  been  destroyed  and 
removed  by  those  who  dug  up  the  bones.  Over 
the  solid  floor  of  the  cave  a  bed  of  brown  earth  or 
diluvial  loam  is  spread,  interspersed  with  angular 
fr^ments  and  rounded  -^VifeV^  o?  \\me%t<me,  and  a 
few  remaining  bones  aivA  \«e\)cv-    T<vft  \m&sxmn9& 
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vault,  still   undisturbed,  is  filled  with   the  same 
diluvium  copiously  stui^  with  bones. 

The  chain  of  the  Hartz  offers  some  other  caverns 
of  less  notoriety,  though  quite  analogous. 

The  care  of  HarUboar^,  under  the  castle  *o  named,  and  sbOTe 
Goatar  to  the  south,  is  mentioned  by  Behrens  ;  that  of  Ufibnngen, 
in  the  lordihip  of  Stolbei^ ;  and  a  third  called  Dubet-lock,  or  the 
robbers'  hole.  Sieit  HohU  nearly  opposite  Banman's  weme  to 
contain  no  bones,  and  is  accordingly  omitted  by  M.  Cnrier,  A 
■ectioa  cxhilnting  its  singolar  sig-xag  windings  is  given  by  Doctor 
Bnckland;  which  seires  also  to  explain  bow  the  dilnvial  deflnx 
■coo|>ed  oat  the  present  entrances  into  these  two  caves,  while  tbe 
old  ones  were  oblitereted  by  the  GODmleioDS  concomitant  on  tbe 
delnge. 

In  Hnngaiy  there  are  similar  bone  caret,  called  tbe  Dragon-Grot- 
toes by  the  conntry  people,  from  an  idea  that  the  osseous  relics 
^ipertain  to  that  &bnlons  ammal ;  but  they  belong  to  the  great 
caron-bear,  urna  ^tiaut. 

Of  all  the  German  caves,  however,  the  richest  in 
bony  relics  are  those  of  Franconia,  of  which  Esper, 
an  ecclesiastic  of  the  territory  of  Bayreuth,  has 
given  .a  very  detailed  description  in  a  specific  trea- 
tise; and  more  lately,  M.  Goldfuss,  professor  of 
natural  history  at  Bonn,  has  published  a  valuable 
work  on  the  same  subject,  entitled,  The  Environs 
^ Miiggendorf.  The  greater  number  of  the  grot- 
toes here  lie  in  a  small  peninsula,  formed  by  the 
river  Wiesent,  which  falls  into  the  Regnitz,  a  tract 
belonging  to  the  great  basin  of  the  Mein.  The 
principal  cavern,  however,  the  astonishing  Gaylen- 
reuth,  lies  on  the  outside  of  this  kind  of  peninsula, 
on  the  left  bank  of  the  Wieagnt,  to  the  north-west 
of  the  village  from  which  it  takes  its  name.  Its 
gateway,  through  a  vertical  rock,  is  7i  feat  Vv\^, 
aBd  looks  to  the  east. 

3& 
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The  first  grotto  lams  to  tbe  riglit,  and  is  upwardit  of  80  feet  Iod^. 
It  it  divided  ioto  four  ptirts  by  the  unequal  lietghu  of  the  vsulted  roof; 
tlje  first  three  are  from  15  to  20  feet  high;  whereas,  the  fouilh  is 
only  from  4  to  5.  On  the  liottum  of  this  part,  and  on  a  lerel  nith 
the  Soor,  there  ia  aii  orifice  only  two  feet  high,  which  leads  into  the 
second  grotto.  This  runs  first  eoutltward  for  60  feet,  beinp  40 
wide  and  IH  high  ;  it  then  tam«  to  the  west  ibrongh  a  cfiace  of  70 
feet,  becoming  gradually  lower  till  its  altitude  is  only  5  teet.  The 
passage  to  the  thirtl  grotto  in  very  incommodious,  winding  through 
serera)  corridors.  It  is  thirty  feet  wide,  and  only  five  or  six  high. 
The  loam  of  the  floor  is  stufTed  full  of  teeth  and  jaw-bones.  Near 
the  entrance  to  it,  is  a  golf  of  15  or  30  feet,  into  which  risiiois 
descend  by  a  ladder.  After  going  down,  they  arrive  at  a  vault  15 
feet  diameter  by  30  feet  in  height ;  and  on  the  side  on  which  they 
descend,  is  a  grotlo  all  bestrewed  with  bones.  By  going  down  ■ 
little  farther  still,  they  fall  in  with  a  new  arcade  which  conducts  to 
a  grotto  40  feet  long,  and  a  new  gulf  18  or  20  feet  deep.  Evea 
after  this  descent,  another  cavern  presents  itself  40  feet  high,  quite 
covered  with  bones.  A  passage  now  of  5  feet  by  7  leada  to  a 
grotto  25  feet  long  and  12  wide ;  then  alleys,  20  feet  long,  con- 
duct into  another  cave  20  leet  high;  and  finally,  a  grand  grotto 
expands,  83  feet  in  width,  and  24  in  height,  more  copiously  for- 
nished  with  bones  dian  any  of  the  rest.  The  sixth  and  last  grotto 
nins  in  a  northerly  direction,  so  that  the  whole  series  of  caverns 
and  corridors,  describes  nearly  a  semicircle. 

A  rift  in  the  third  grotto,  disclosed  in  1781,  a  new  gfotto,  15 
feet  long  by  4  wide,  where  the  greatest  number  of  hyenas'  and 
lions'  bones  were  found.  The  opening  was  much  too  narrow  to 
have  allowed  these  animals  to  have  entered  by  it.  A  peculiar  tun- 
nel which  terminated  in  this  small  grotto,  afforded  an  incredible 
number  of  bones,  and  large  skulls  quite  entire. 

Professor  Buckland  gave,  in  the  Phil.  Trans,  for 
1822,  a  section  of  this  cavern,  sketched  by  himself 
in  1816.  See  our  Plate  VII.  and  its  explanation 
at  the  end  of  the  Volume.  Here  we  may  observe 
particularly  an  enormous  mass,  wholly  composed 
of  bones  enveloped  in  s^a^aCtAsa,  forming  thus  a 
peculiar  osseous  bteccva.   Tcwi^Qt^'wrete^xssss!** 
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on  his  plate  of  this  cave,  in  his  Reliquis  Diluvianse, 
on  the  floor  of  the  first  grotto,  a  bed  of  diluvial 
loam,  mixed  with  pebbles,  angular  fragments  of 
limestone,  bones  and  teeth ;  the  latter  being  of 
course  more  abundant  in  the  remoter  grottoes, 
which  have  been  less  excavated  for  the  German 
apothecaries.  A  crust  of  stalactite  is  still  perfect 
over  some  portions  of  the  floors. 

The  cavern  of  Gaylenreuth  is  the  one  whose 
bony  relics  are  most  completely  known,  in  conse- 
quence of  the  researches  which  have  been  so  long 
carried  on  with  regard  to  them  by  men  of  eminent 
science,  such  as  Esper,  Humboldt,  Ebel  of  Bremen, 
Rosenmiiller,  Soemmering,  Goldfuss,  &c.  as  well  as 
by  the  numerous  and  rich  collections  which  these 
researches  have  furnished.  From  the  examination 
which  M.  Cuvier  has  made  of  the  chief  of  these 
collections,  the  bones  composing  them,  belong,  in 
the  proportion  of  three-fourths,  to  bears,  of  two  or 
three  species  of  the  genus  j  next  to  which  are  those 
of  hyjena,  wolf,  fox,  glutton,  polecat,  or  some  kin- 
dred animal.  He  also  observed,  but  in  smaller 
number,  some  bones  of  kerbivora,  and  particularly 
stags,  fragments  of  which  are  now  in  the  possession 
of  M.  Ebel.  It  would  even  appear  from  a  passage 
in  M.  Soemmering's  work,  that  a  parcel  of  bones  of 
an  elephant's  skull  had  been  extracted. 

According  to  M.  Rosenmiiller,  there  are  like- 
wise bones  of  men,  horses,.oxen,  sheep,  stags,  roe- 
bucks, mules,  badgers,  dogs,  and  foxes ;  but  the 
whole  of  these  are  shown  by  accurate  inspection  of 
their  localities  in  the  cavern,  and  tUevc  aVaXs.  cS  -^t^^ 
servation,  to  have  been  depoa\teA  aV.  a  tov^Ob.  tos«% 
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recent   era   than  that  of  the   bears,  tigers,   and 
hyienas.* 

The  small  peninsula  opposite  to  the  above,  offers 
several  other  caverns,  as  the  Sduenstein,  or  the 
beautiful  rock,  which  contains  7  contiguous  grottoes; 
the  Brunnenstein  or  Rock  of  the  Fountain,  contains 
bone^  incrusted  with  stalagtite  ;  and  the  Holeberg, 
or  holhxv  mountain,  in  which  8  or  10  grottoes  form 
a  suite  of  200  feet,  with  two  outlets.  Bones  of 
bears  like  those  of  Gaylenreuth  are  here  found  in 
different  lateral  recesses,  along  with  some  bones  of 
stags  and  swine.  The  Wizer-loch,  so  named  from 
an  ancient  Slavonic  god  that  was  there  worshipped, 
the  most  gloomy  cavern  of  the  whole  country,  is 
more  than  200  feet  long,  lies  in  its  higher  grounds, 
and  has  afforded  a  few  vertebrse.  The  Wunder 
hohle,  having  a  circuit  of  1 60  feet,  was  made  known 
only  in  1773.  Lastly,  the  cavern  of  Klanstein, 
composed  of  4  grottoes,  and  200  feet  in  depth,  has 
furnished  a  few  bones  in  its  third  chamber,  and  still 
more  at  its  furthest  end.  We  may  add  to  the  above, 
the  Geiss-knok,  or  the  Goat-cave,  discovered  in 
3793,  in  which  M.  Rosenmiiller  found  two  human 
skeletons  already  covered  with  stalactite,  a  process 
which  may  be  accomplished  in  less  than  a  century. 

Hie  coontry  aniToiuidm^  this  until  peninsnla  la  [uerced  with 
BeTeral  caTenii,  besides  that  of  Gaylenrenth,  aa  the  grottoes  of 
Moksa,  Rabeastein,  and  Kircb-ahon),  tbree  villagea,  the  firat  being 
-  to  the  south,  the  two  othera  to  the  north-east  of  Gaylenreod. 
Formerly  bones  were  found  in  the  firat.  The  last  cavem  is  known 
in  the  country  by  the  expreesire  name  of  Zahn-loch,  or  tooth  cavem, 
and  the  peasants  were  wont  to  regatd  these  bones  as  medicinal. 
HoseniniiUer  and  GoVdlom  f<nm&  W«  v»c«  ^mUl  of  bears  and 
•  Deflcnplw&dAVp«mA»^NW«ss^.%>  . 
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tigers.  There  sie  tw^  other  grottoes  in  the  IaadS{Df  the  same 
Tillage,  one  of  which  Schneider-loch  (taylon'  hole),  sfforded  an 
elephant's  7ert«bra.  The  care  of  Zewig,  hard  by  Waschenfeld, 
OD  the  bonlera  abo  of  the  Wisent,  ia  nearly  80  feet  deep ;  and  is 
said  to  have  contused  skeletons  of  men  and  wolvee. 

All  these  bills,  scooped  ont  into  caveniB,  sad  so  doae  to  each 
other,  seem  to  form  a  small  cbaio,  intetmpted  only  hy  streamlets, 
and  which  gradoates  into  the  loftier  chain  of  the  Fichtelbeig,  where 
the  highest  mountains  of  Franconia  r«ar  thnr  beads,  and  whence 
Sow  down,  the  great  rivers,  Mein,  Sale,  Eger,  Naab,  with  several 
smaller  streams. 

It  deserves  to  be  remarked,  that  according  to  both  Rosenmulkr 
and  Bnckland,  the  hills  to  the  north  of  the  Wieseat,  contain  not  a 
uDgle  iragoient  of  bone,  while  those  to  the  south  of  it,  are  well 
stocked  with  them. 

There  was  discovered  in  1799.  a  cavern  remark- 
ably situated,  which  omnects  in  some  measure  those 
of  the  Hartz  with  those  of  Franconia.  It  is  the  cave 
of  Glucksbrunn,  in  the  bailiwick  of  Altenstein,  in 
the  territory  of  Meinungeo,  called  the  cave  of 
Liebenstein  by  RoseQmiiller,  as  it  lies  on  the  road 
to  this  bathing  place.  The  limestone  out  of  which 
it  is  hollowed,  rests  on  bituminous  schist,  whence 
as  it  ascends,  it  reposes  its  upper  beds  on  primitive 
rocks.  This  limestone  is  of  variable  hardness  and 
fracture,  and  contains^marine  petrifactions,  such  as 
pectinites,  echinttes,  &c. 

In  cutting  through  a  road,  an  opening  was  dis-^ 
covered,  &om  which  a  very  cold  wind  issued ;  in 
consequence  of  which,  the  duke  of  Saxe-Meinungen 
caused  further  excavations  to  be  made.  A  passage 
of  20  feet,  conducted  into  a  grotto  35  feet  long, 
from  3  to  12  wide,  and  6  to  12  high,  closed  at  the 
end .  with  a  great  mass  qf  rock,  whvclv  Ni^a  \tos«,4. 
away.     After  working  for  two  ^eara.vXve.'j  ov^w^^ 
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up  and  cleared  out  a  series  of  grottoes  linked 
together,  with  floors  alternately  rising  and  falling. 
The  whole  terminated  in  a  spot  through  which  a 
run  of  water  flowed ;  but  different  lateral  cletU 
-would  lead  us  to  suppose  the  existence  of  several 
other  caves  which  have  not  been  explored,  forming 
altogether  a  species  of  labyrinth. 

The  bottom  and  sides  of  tliis  cavern  were  coated 
with  the  same  kind  of  loam,  that  lines  all  the  others, 
but  blacker.  The  bones  were  in  considerable 
number,  and  were  dyed  of  the  same  colour,  but  only 
two  tolerably  entire  skulls  have  been  extracted. 
One  of  them  belongs  to  M.  Cuvier's  first  species  of 
fossil  bears. 

Caverns  like  these  also  exist  in  Westphalia. 

In  the  county  of  La  JUarh,  at  Stmdwkh,  two  leagues  irom 
laerloho,  tJiet«  is  a  grotto  which  fnnuHlied,  25  yeai^  ago,  a  very 
Ul^  qwuitity  of  booei.  A  part  of  these  was  sent  to  Berlin  ;  and 
soother  has  remuned  in  the  country,  among  the  htuiils  of  indivi- 
duals ;  but  hitherto  no  special  description  baa  been  given  of  them. 

If  we  glance  onr  eye  over  a  general  map  of  the  coontty,  it  will 
not  be  difficolt  to  perceive  a  certain  continuity  in  the  monntaina, 
where  these  cnrions  carems  lie.  The  Crspack  monntaina  are  asso- 
^  ciat«d  with  the  mountains  of  Moraria,  and  those  of  Bohemia, 
termed  Bcehmenoald,  and  both  together  form  bamera  between  the 
basin  of  the  Danube,  and  the  basins  of  the  Vistula,  the  Oder,  and 
the  Elbe.  The  Fichtelberg  again  sepanitea  the  basin  of  the  Elbe, 
from  that  of  the  Rhine.  The  Thuhngerwald  and  the  Hartz  con* 
tinne  to  bound  the  basin  of  the  Elbe,  and  disjoin  it  from  that  of 
the  Weser.  Between  these  different  chains,  there  are  no  coosid- 
erable  intervals.  The  caverns  of  Westphalia  are  the  only  ones, 
which  do  not  so  obviously  run  into  the  rest. 

Very  recently,  fossil  bones  have  been  discovered 
in  a  cavern  which  lies  more  to  the  south,  and  rather 
"1  the  back  of  the  A\pa,\ooV\'[i%\»'WM4&lV4.lY.    It 

iie  cave  of  AdeUberg  *m  CwTOsJa,  «nv  ^^  ^"eax. 
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road  from  Laybach  to  Trieste,  almost  equidistant 
between  these  two  towns.  The  whole  of  that  dis- 
trict is  excavated  with  grottoes  and  caverns,  which 
have  produced  even  on  the  surface  of  the  ground  a 
great  many  hollowings,  which  give  a  singular  appear- 
ance to  the  country.  Several  of  these  caverns  have 
been  long  celebrated  among  naturalists. 

That  of  Adelsberg  is  usually  visitedby  travellers, 
because  it  is  contiguous  to  the  highway,  and 
because  it  absorbs  a  river  called  the  piuka  or  poike, 
which  forms  within  it  a  subterranean  lake,  whence 
the  stream  again  bursts  forth  on  the  north  side, 
under  the  name  of  Unz.  An  aperture  discovered 
by  Chevalier  Lowengreif  in  1816,  in  one  of  its  sides, 
at  14  fathoms  high,  admitted  him  into  a  range  of 
grottoes  of  immense  extent  and  incomparable 
beauty,  from  the  lustre  and  varied  forms  of  their  - 
stalactites.  A  few  of  the  grottoes,  however,  have 
been  long  well  known.  M.  Volpi  of  Trieste,  aflSrms 
that  he  has  advanced  more  than  three  leagues  into 
these  caverns,  almost  in  a  straight  line,  and  was 
stopped  only  by  a  lake,  which  rendered  his  passing 
further  impracticable.  About  S  leagues  from  the 
entrance  he  discovered  bones  of  animals,  since 
found  to  be  those  of  the  great  fossil  bears. 

The  cave  of  Kirkdale  in  Yorkshire,  had  the 
good  fortune  to  be  visited  by  men  of  science,  and 
particularly  by  Professor  Buckland  soon  after  it 
was  laid  open,  in  consequence  of  which  its  organic 
remains  have  been  carefully  collected  and  accu- 
rately described.  The  little  river  Hodge-beck, 
loses  itself  under  ground  in  the  neig,WiQVM\Matt&.v 
much  as  the  Piuka  does  neat  ^de\^e'c^> 
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It  is  scooped  out  in  the  interior  of  one  of  the  cal- 
careous liills  which  flank  the  vale  of  Pickering  on 
the  north,  the  waters  of  wiiich  fall  into  the  Der- 
went.  The  substratum  of  the  valley  is  blue  clay, 
like  that  which  at  Oxibrd  and  Weymouth  reposes 
OH  a  similar  limestone,'  containing  subordinately, 
beds  of  imflammable  bituminous  shale,  such  as  that 
of  Kimmeridge  in  Dorsetsliire.  Tlie  rock  perfo- 
rated by  the  cave  is  referrible  to  that  portion  of  the 
\K)lite  formation  which  in  the  south  of  England,  is 
known  by  the  name  of  the  Oxford  oolite  and  coral 
rag ;  its  organic  remains  are  identical  with  those  of 
the  Heddington  quarries  near  Oxford,  but  its  sub- 
stance is  harder,  more  compact,  and  more  inter- 
spersed with  silicious  matter,  which  forms  in  the 
limestone,  sometimes  throughout  its  coral  line  exu- 
viae, irregular  concretions,  beds  and  nodules  of 
chert  The  more  compact  beds  of  this  limestone 
resemble  the  younger  Alpine  limestone  of  Meillerie 
and  Aigle  in  Switzerland;  alternating  with  and 
passing  gradually  into  those  of  a  coarser  oolitic  tex- 
ture. Both  varieties  are  disposed  in  beds  from  one 
to  four  feet  thick.  The  cave  lies  in  one  of  the 
compact  beds,  placed  between  two  others  of  the 
coarser  oolitic  variety ;  the  latter  of  which  varies 
in  colour  irom  light  yellow  to  blue,  while  the  com- 
pact beds  are  dark  gray  passing  into  black,  are 
^  extremely  fetid,  and  full  of  corals,  and  spines  of 
the  echinus  cidaris.  The  compact  portions  of  this 
oolite,  partake  of  the  property  common  to  compact 
limestone  of  all  epochs  and  fornjations  from  tlie 
transition  to  the  newet  3\iia  ■,  oC  be\ng  perforated 
by  irregular  holes  and.  caveroa  vcv  ^  ^\'e,<ittssas.. 
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It  was  in  the  summer  of  1821  that  quarriers 
working  here  discovered  by  accident  an  opening 
which  had  heen  closed  with  rubbish,  and  covered 
over  with  bushes  and  grass.  It  lies  about  100  feet 
(a  late  observer  who  measured  it,  says  it  is  only 
30),  above  the  neighbouring  streamlet  ^  and  it  may 
be  entered  to  150  or  200  feet,  but  a  person  can 
stand  upright  only  in  a  few  places,  on  account  of 
the  stalactites  which  project  from  its  roof.  On  the 
floor  of  the  cavern,  a  carpet  of  diluvial  loam  isi 
spread,  about  a  foot  thick,  stuffed  full  of  bones,  as 
at  Gaylenreuth.  This  loam  and  the  bones  inter- 
spersed through  it,  are  invested  in  different  places, 
or  penetrated  with  stalactite,  especially  ne^  the 
spot  where  lateral  lissures  intersect  the  rocks. 

By  far  the  greater  number  of  the  bones  belong 
to  hyffinas  of  the  same  species  as  that  of  the  Ger- 
man caverns  ;  but  there  are  also  remains  of  several 
other  animals,  large  and  small,  estimated  by  Doctor 
Buckland  to  represent  21  species. 

According  to  the  fragments  which  M.  Cuvier 
has  obtained  by  the  kindness  of  the  Doctor,  and 
Messrs.  Salmond  and  Gibson,  the  bones  without 
any  doubt,  belong  to  the  elephant,  rhinoceros,  hip- 
popotamus, horse,  ox  (of  the  common  ox  propor- 
tions), deer,  hares,  water-rats  and  common  rats. 
There  are  also  bones  of  some  other  camivora,  par- 
ticularly of  the  tiger,  wolf,  fox,  and  weasel.  All 
these  bones  and  teeth  are  aggregated  in  the  lo:^, 
broken,  and  gnawed,  displaying  still  the  prints  or 
traces  of  the  teeth  which  broke  them.  Even 
the  excrement  pallets  or  balla  Vvave  Veea.  -s^rss^- 
nisedf    and    shown   to     tesecoble    \!Mftfc  o'i  '^'s. 
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hyeena,  by  an  accurate  comparative  analysis  of  Dr. 
Wollaston. 

The  bones  of  a  species  of  rat  (hypoda^sX  nearly 
of  the  size  of  the  water-rat  (mus  ampliibius  Lin.  J 
exist  in  such  profusion  in  the  Kirkdale  cave,  that  a 
piece  of  loam  can  hardly  be  lifted  from  the  bot- 
tom, which  is  not  replete  with  them.  There  are 
also  plenty  of  bones  of  the  field  mouse. 

The  hills  containinff  tiiese  caves  arc  all  of  analo- 
gous composition ;  being  calcareous,  very  produc- 
tive of  stalactites,  which  under  a  thousand  varied 
forms  line  the  walls  and  narrow  the  passages.  The 
bones  are  here  in  nearly  the  same  condition,  as  in 
all  the  other  bone  caves ;  detached,  dispersed,  par- 
tially broken,  but  never  rolled,  and  consequently 
not  drifted  from  a  distance  by  the  waters.  They  are 
a  little  lighter,  and  less  solid  than  recent  bones,  yet 
as  to  their  true  animal  nature,  very  little  decom- 
posed, still  combined  with  gelatine,  and  not  at  all 
petrified.  An  indurated  loam,  which  may  be  easily 
broken  or  pulverised,  including  also  some  animal 
matter,  occasionally  black -coloured,  forms  their 
natural  envelope.  This  paste  is  sometimes  impreg- 
nated and  covered  with  a  stalactitic  crust  white  as 
alabaster ;  a  glaze  of  the  same  nature  invests  the 
bones  in  different  places,  penetrates  their  natural 
cavities,  and  causes  them  sometimes  to  adhere  to 
the  sides  of  the  cavern.  The  stalactite  now  and 
then  acquires  a  reddish  tint,  from  the  intermixture 
of  animal  matter.  At  other  times,  its  surface  is 
black ;  but  these  changes  are  obviously  the  results 
of  modern  clrcumstaucea,  \o\AVj  vft^^^eQ.^xA  q€  the 
rause,  which  brought  l\vc  Vi'ae*  «*» 'i^^s^  ^""^^ 
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tibns.  The  stalactite  may  be  now  seen  progres- 
sively advancing,  to  embrace  in  different  points, 
groups  of  bones  previously  untouched. 

This  mass  of  earth,  impregnated  with  animal  mat- 
ter wherever  it  occurs,  whether  in  Germany  or 
England,  envelopes  indiscriminately  the  bones  of 
every  kind ;  and  with  the  exception  of  a  few  found 
at  the  surface  of  the  floor,  which  have  been  carried 
thither  at  much  later  periods,  and  are  still  distin- 
guishable by  their  inferior  state  of  decomposition, 
the  wlioJe  must  have  been  interred  together  in  the 
same  manner,  and  by  the  same  causes.  Id  this 
earthy  paste  we  find  diffused  among  the  bones,  at 
least  in  the  grotto  of  Gaylenreuth,  fragments  of  a 
bluish  marble,  with  all  their  angles  rounded  or 
smoothed,  as  if  they  had  been  rolled.  They  bear 
a  striking  resemblance  to  those  which  enter  into  the 
composition  of  the  osseous  breccias  of  Gibraltar 
and  Dalmatia. 

Fmally,  the  most  interesting  part  of  the  pheno- 
mena is  that  the  more  remarkable  species  of  the 
bones,  are  identical  over  a  space  of  about  550  miles 
(more  than  200  leagues).  Three-fourths  and  up- 
wards belong  to  bears,  which  are  no  longer  to  be 
found  in  the  living  state.  One-half,  or  perhaps 
two-thirds,  of  the  remaining  fourth,  have  beeo 
traced  to  a  species  of  hyiena,  which  is  equally 
unknown  at  the  present  day.  A  smaller  number 
may  be  referred  to  a  species  of  the  genus  tiger  or 
lion,  and  to  another  species  of  the  wolf  or  dog  family. 
Lastiy,  the  smallest  specimens  proceed  from  various 
little  camivora,  as  the  fox,  the  ipo\ecaX»  ot-  a.vVa&x 
kindred  species.     The  KirUand,  Tow^^-^^  ^^^ 
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Luuel  caves,  however,  form  notable  exceptions  by 
affording  very  few  bones  of  bears,  and  exhibiting  a 
.great  predominance  of  hyenas  among  the  cartiivora. 

The  species  so  common  in  the  diluvial  detritus, 
namely,  the  elephants,  the  rhinoceroses,  the  horses, 
the  odeii  or  bisons,  and  the  tapirs,  are  very  rare  in 
the  bone-ciives  of  Germany ;  and  there  are  some 
of  these  animals  even  which  no  person  has  yet 
detected  there.  A  few  bones  of  deer  constitute  the 
wliole  of  the  herbivorous  relics  yet  described.  In 
this  respect,  again,  the  Kirkdale  cave  differs  widely 
from  the  others,  since  it  abounds  as  much  in  the 
bones  of  the  great  and  little  herbivorous  animals  as 
in  those  of  the  carnivorous.  All  the  greater  packtf. 
dermata  of  the  diluvian  gravel,  the  elephant,  rhino- 
ceros, and  hippopotamus,  are  found  at  Kirkdale ; 
.  as  well  bones  of  oxen,  deer,  down'  to  rats  and  birds. 
No  marine  animals  of  any  species  have  left  their 
bones  either  in  the  KirkdaJe  or  German  caves. 

Tliese  bones  of  camivora,  so  numerous  in  the 
caverns,  are  rare  in  the  diluvium.  The  hyeena  alone 
occurs  in  it,  in  a  certain  quantity  at  Canstadt, 
near  Aichstedt,  and  in  some  other  places ;  a  few 
relics  of  bears  also  appear  in  Tuscany  and  Austria, 
but  their  relative  proportion  is  greatly  less  than  in 
the  caverns  j  and  besides,  there  is  abundant  cir- 
cumstantial proof  that  these  different  animals  have 
lived  together  in  the  same  country,  and  belonged 
to  the  same  epoch.  This  important  fact,  says  M. 
Cuvier,  appears  to  me  perfectly  established  by  Dr. 
Buckland. 

There  are  only  tWee  genenA^  caases-«\vvch  can  be 
(ibly  imagined,  to  Vave  mVitAMcsA. 'fiwi'WnsH.wi. 
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8uch  quantities  into  these  vast  subterranean  vaults  j 
1st,  they  are  either  the  remains  of  animals  which 
dwelt  and  died  peaceably  in  these  chambers ;  or, 
@d,  of  animals  which  inundadons  and  other  violent 
causes  carried  in ;  or,  Sd,  of  the  animals  which  had 
been  enveloped  in  the  stony  strata,  whose  watery- 
solution  produced  the  caverns  themselves,  but  the 
soft  parts  were  dissolved  away  by  the  agent  that 
scooped  out  the  mineral  substance  of  the  caves. 
■  This  last  hypothesis  is  refuted  by  the  circum- 
stance, that  the  strata  themselves  in  which  the 
grottoes  are  excavated  contain  no  bones  ;  and  the 
second,  by  the  entire  state  of  preservation  of  the 
smallest  prominences  of  the  bones,  which  precludes 
the  idea  of  their  having  been  rolled.  Even  if  some 
bones  are  worn  smooth,  as  Doctor  Buckland  has 
remarked,  they  are  so  only  on  one  side  ;  which  at 
the  utmost  merely  proves  that  something  has 
abraded  and  pohshed  their  surface  in  the  bed  where 
they  lay.  We  are  therefore  compelled  to  resume 
the  first  supposition,  a^id  to  regard  these  caverns  as 
the  dens  of  antediluvian  carnivora,  which  dragged 
in  thither  and  devoured  the  animals,  or  parts  of 
animals,  that  fell  in  their  way. 

Dr.  Buckland  has  shown  Uiat  the  hysnas*  bones' 
of  the  Kirkland  cave  are  no  less  broken  and  gnawed 
than  those  of  the  herbivorous  classy  whence  it 
appears  that  these  creatures,  by  force  of  ravenous 
appetite  for  bones,  devoured  those  of  their  own 
species  like  the  hysenas  of  the  present  day.  The 
hyaenas,  indeed,  are  known  to  attack  each  other, 
during  life.  There  are,  therefore,  few  ■^\v'j%\'tsl!k- 
pTppositions  established  on  a  \ax%«x   ««  wsoxv^ct^ 
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induction  than  that  of  the  Kirkdale  and  Torquay 
caves  having  been  dens  occupied  by  hyjenas  in  ante* 
diluvian  times.  Those  persons  who  may  heisiiate 
to  adopt  this  conclusion  on  account  of  any  precon- 
ceived notions  about  the  habits  of  Hvinp;  hya-nas, 
and  the  aspect  of  their  dens,  will  find  every  rational 
doubt  removed  by  perusing  an  interesting  letter  on 
the  subject  from  Captain  Sykes,  on  military  service 
near  Bombay,  published  in  the  -id  volume  of  the 
new  series  of  tlie  Edinburgh  Philosophical  Maga- 
zine, p.  378. 

This  conclusion  is  moreover  confirmed  by  the 
animal  nattire  of  the  earthen  floor  of  the  caves 
in  which  the  bones  are  impasted.  M.  Laugier 
has  analysed  that  of  Gaylenreuth  with  his  well 
known  precision;  and  found  the  following  in- 
gredients. 

1.  Lime  mixed  with  a  little  magnesia  and  combined  with 
cttrbonic  acid,  .         .         .         .  .         .32 

2.  Carbonic  acid  and  a  little  moistnre,        .         .         .         .24 

3.  Phospbate  of  lime, 21.5 

4.  Animal  matter  and  water,  .         .         .         .         .10. 

5.  Clay  coloured  with  a  trace  of  manganese,        .  .4 

6.  Silica  coloured  with  iron, 4 

7.  Oxide  of  iron,  combined  perhaps  with  a  Uttle  phosphoric 
acid, 3.5 

Loss, I.O 


It  is  very  certain  that  the  establishment  of  these 
animals  in  the  caverns  is  long  posterior  to  the 
epocha,  at  which  the  extensive  mineral  strata  were 
deposited,  not  only  of  the  mountains  that  contain 
the  caverns,  but  of  even  those  of  much  more 
odem  formation.     \a  tot  \)ive  ?.\ali4*L\i\*&  «.t  ^Ocv^ 
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caves,  M.  Goldiiiss  observed  a  stratum  of  it  cover' 
ing  the  names  of  MM.  Esper  and  Rosenmiiller, 
inscribed  at  their  visit  only  thirty  years  before. 

'  In  March  1826,  Dr.  Biickland  visited  tlie  bone 
cave  of  Lunel  near  Montpellier,  situated  in  com- 
pact cakaire  grassier.  In  working  a  freestone,  the 
side  of  the  cavern  was  accidentally  laid  open,  -and 
considerable  excavations  have  since  been  made  in 
it,  at  the  expense  of  the  French  government,  for 
the  purpose  of  extracting  its  animal  remains  that 
lie  buried  in  mud  and  gravel.  A  rectangular  vault 
has  thus  been  exposed,  nearly  100  yards  in  length, 
and  from  10  to  IS  in  width  and  height. 

Many  of  the  bones  bear  marks  of  being  gnawed 
by  the  teeth  of  ossivorous  animals ;  and  there  is  an 
extraordinary  abundance  of  balls  of  album  grtBCum 
in  the  highest  state  of  preservation. 

M.  Marcel  de  Serrea  has  published  a  list  of  the 
animal  remains  contained  in  this  cavern,  which 
differ  but  little  from  those  of  Kirkdale ;  the  most 
remarkable  addition  being  that  of  the  beaver  and 
the  badger,  together  wiUi  the  smaller-striped,  or 
Abyssinian  hyaena. 

In  Oct.  following,  the  Dr.  visited  also  the  grotto 
of  Oiselles  near  Besan^on,  in  France,  for  the  pur- 
pose of  applying  to  it,  the  method  of  investigation 
which  his  experience  in  other  caverns  had  taught 
him  to  adopt  with  success  in  the  pursuit  of  fossil 
bones.  This  grotto  is  of  vast  extent,  nearly  a  quar- 
ter of  a  mile  in  length,  and  made  up  of  a  succes- 
sion of  more  than  thirty  vaults  or  chambers,  con- 
nected together  by  narrow  passages,  and  tuuvlvk^ 
.almost  horizontally  into  the  body  o5  a.  TtvovKftaaLW  dl 


H.  ^'^^ 
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Jura  limestone,  on  the  left  bank  of  tlic  Doubs  near 
Ue8an90ii. 

The  only  entnince  to  the  grotto  is  by  an  irregu- 
lar aperture  about  the  size  of  a  common  door,  in 
the  slope  of  the  hill  about  tiO  feet  from  the  river. 
Tbe  abundance  and  beauty  of  the  stalactitfe  in  many 
parts  of  this  cavern,  have  rendered  it  one  of  the 
most  celebrated  and  most  frequented  in  France ; 
but  before  Dr.  Auckland,  no  one  bad  ever  sought 
for  bones  beneath  the  crust  of  stalagrmite,  winch  in 
most  of  tlie  chambers  covers  the  floor. 

On  breaking  for  the  first  time  through  the  sta- 
lagmite, the  guides  were  much  surprised  to  find  the 
Doctor's  prediction  verified,  as  to  the  existence  of 
a  thick  bed  of  mud  and  pebbles,  beneath  what  they 
had  considered  to  be  the  impenetrable  pavement  of 
the  cave,  and  still  more  so,  to  see  that  in  every  one 
of  the  only  four  places  which  he  selected  for  inves- 
tigation, this  diluvium  was  abundantly  loaded  with 
the  teeth  and  bones  of  fossil  bears.  These  lay  scat- 
tered through  the  mud  and  gravel,  in  the  same 
irregular  manner  as  the  bones  of  bears  lie  in  the 
caves  of  Franconia  and  the  Hartz,  and  are,  like 
them,  the  remains  of  animals  that  lived  and  died 
in  these  caverns,  before  the  introduction  of  the 
diluvium.  They  were  found  nowhere  in  entire 
skeletons,  but  dispersed  confusedly  through  the 
mud.  They  were  from  bears  of  all  ages,  and  n<me 
bore  marks  of  either  having  been  rolled  by  water, 
or  gnawed  by  the  teeth  of  hyienas.  Of  this  last 
named  animal.  Dr.  Buckland  found  no  traces  in 
*his  cave,  in  the  few  s^pote  ^NXfttAvWcTamined.  He 
the  beat  ruVe  to  ioflo'«  "wv  -^MXivivVot  «n,\R5&- 
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luvian  remains  in  caverns,  is  to  select  the  lowest 
^arts  in  which  any  diluvium  can  have  accumulated* 
and  there  dig  through  the  stalagmitic  crust,  and 
seek  for  teeth  and  bones  in  the  mud  and  pebbles 
that  lie  below.  Their  antiquity  may  also  be  tested 
by  their  property  of  adhering  to  the  tongue  (hap- 
per)  in  consequence  of  their  loss  of  gelatine,  with- 
out the  substitution  of  mineral  matter ;  a  property 
which  the  bones  found  in  the  Roman  graves  and 
Druidical  tombs  of  England  do  not  possess. 

This  cave  has  been  since  explored  by  the  French 
naturalists,  and  a  report  made  of  some  of  its  con- 
tents by  Baron  Cuvier  to  the  Academy  of  Sciences. 
The  bones  in  one  of  its  chambers  belong  entirely 
to  the  cavern  bear,  ursus  spekeus,  without  inter- 
mixture of  any  other  animal  remains  whatsoever. 
In  some  adjoining  chambers,  hyaena  bones  have  been 
found,  along  with  those  of  tigers,  and  other  cami- 
vora,  with  a  few  bears'  bones.  In  other  caverns, 
which  contain  many  hyaenas'  bones,  those  of  her- 
bivorous animals  occur  more  numerously,  all  marked 
as  at  Kirkdile  with  gnawed  prints  of  the  hyaenas' 
teeth.  M.  Cuvier  concurs  with  the  Doctor  in 
thinking  that  these  excavations  were  hyaenas'  dens, 
in  which  the  last  of  these  animals  were  drowned  by 
a  diluvial  inundation,  which  has  choked  up  the 
mouths  of  the  caves  with  gravel  and  clay.  The 
grotto  of  Oiselles  lies  at  the  foot  of  the  Jura  moun- 
tains, and  consists  of  a  great  many  separate  cham- 
bers of  considerable  dimensions.— ^Miafc*  de  C/iim. 
et  de  Phi/s.  Oct.  1827- 

A  bone  cave  called  Kent's  Hole  near  Torquay 
2s 
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in  carboniferous  nmestonCj  discovered  lately,  has 
brought  unequivocal  confirmation  to  Doctor  Buck- 
land's  theory  of  tlic  KirkUale  phenomena.  The 
condition  of  the  byteuas'  teeth,  the  number  and 
vxricty  of  animals,  and  the  circumstances  that 
accompany  their  mangled  remains,  are  precisely  the 
same  in  both  dens  ;  the  only  difference  being  that 
tlie  Torquay  cave  is  twenty  times  more  extensive 
than  the  Yorkshire  onej  and  the  animal  exuvia;  in 
like  proportion.  The  superBcial  crust  of  stalagmite, 
and  the  bed  of  mud  which  forms  the  matrix  trf"  the 
broken  bones  and  teeth  beneath  it  are  also  propor- 
tionately thicker.  There  is  also  album  grucum  ex- 
crement, as  at  Kirkdale,  and  stumps  of  gnawed 
horns  of  deer ;  and  the  bony  bases  of  horns  of 
rhinoceroses,  but  no  horns  of  this  animal,  although 
more  than  a  hundred  of  its  teeth  have  been  already 
found ;  along  with  the  teeth  of  many  infant  ele- 
phants, numberless  bones  of  horses,  elks,  deer,  and 
oxen,  gnawed  bones,  and  jaws  of  hyeenas,  with  their 
single  teeth  and  tusks;  the  teeth  and  tusks  of  bears, 
tigers,  wolves,  and  foxes  ;  and  of  an  unknown  car- 
nivorous animal,  as  large  at  least  as  a  tiger,  the 
genus  of  which  has  not  yet  been  determined. 

Of  more  than  a  thousand  bones,  or  rather  frag- 
ments of  bones,  that  have  been  collected  in  Kent's 
Hole,  not  fifty  have  been  found  entire,  the  extremities 
and  condyles  of  the  cylindrical  bones  having  b^n 
gnawed  off,  before  they  were  imbedded,  along  widi 
the  accompanying  splinters  and  teetl^,  in  the  mud 
and  gravel  conglomerate  of  the  cave. .  The  softer 
portions  of  the  bone%  %te  \wra.t\ahly  removed,  and 
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marks  of  gnawing  and  fracture  impressed,  such  as 
the  living  hysenas,  at  Exeter  Cliange,  are  known  to 
make  on  the  ox  bones  on  which  they  feed. 

Doctor  Bucktand  considers  the  cave  of  Kiihloch, 
as  more  remarkable  than  all  the  rest  in  the  neigh- 
bourhood of  Rahenstein,  and  indeed  the  only  one 
he  has  ever  seen  except  that  of  Kirkdale,  in  which 
the  animal  remains  have  escaped  disturbance  by 
diluvian  action.  The  interior  of  Kiihloch  has 
the  capacity  of  a  large  church.  Its  floor  is  covered, 
to  an  average  depth  of  6  feet  with  black  animal  dust, 
constituting  altogether  a  mass  exceeding  5000  cubic 
feet,  with  broken  fragments  of  bones  interspersed. 
That  black  earth  seems  to  he  pulverised  bone,  in  a 
dry  state,  rising  in  powder  under  the  feet,  and  is 
used  by  the  peasants  as  a  fertilising  manure.  Dr. 
Buckland  computes  on  reasonable  grounds  that  in 
the  single  vault  of  Kuhtoch  the  remains  of  at  least 
3500  bears  are  accumulated,  a  number  which  may 
have  been  supplied  in  the  space  of  1000  years,  by 
a  mortality  at  the  rate  of  two  and  a  half  per  annum. 
For  some  other  judicious  speculations  on  the  singu- 
larities exhibited  by  this  cave,  the  Reliquia  Dilu- 
vianiB  may  be  consulted,  p.  138. 

In  the  same  instructive  work,  several  additional 
localities  are  mentioned  of  bone-caverns  in  England. 
The  ca^e  of  Hutton,  a  village  in  the  county  of 
Somerset,  at  the  foot  of  the  Mendip  hills,  contained 
bones  of  elephants,  horses,  wild  boars,  two  species 
of  stags,  oxen,  a  skeleton  almost  entire  of  a  fox, 
and  the  metacarpal  bone  of  a  great  bear. 

The  cave  of  Derdham  Down,  near  Cliftoxv^  ViasA. 
by  Bristol,  a^rded  bones  of  t\\e  \\oKe. 
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In  the  cave  of  Balleye,  near  Wirksworth,  in  the 
county  of  Derby,  elephants'  teetli  were  discovered 
so  long  ago  as  1663,  some  of  which  are  still  pre- 
served. 

The  Dream  cave,  at  the  hamlet  of  Callow,  also 
near  Wirksworth,  is  very  remarkable.  Here,  in  the 
midst  of  a  mass  of  diluvium,  almost  all  the  bones 
of  a  rhinoceros  were  found  in  very  good  condition, 
which  have  been  carefully  collected  by  the  proprie- 
tor, Mr.  Gell. 

The  cave  of  Nichohiston,  on  the  coast  of  Glamor- 
ganshire, between  the  bay  of  Oxwich  and  the  cape  . 
of  Worms,  which  marks  the  entry  of  the  Bristol 
Channel,  deserves  notice.  There,  have  been  found 
in  it,  an  elephant's  tusk  and  molaris,  as  also  several 
other  bones  of  elephant,  rhinoceros,  horse,  bear, 
hycena,  fox,  wolf,  ox,  stag,  rat,  bird,  and  even  the 
skeleton  of  a  woman  and  her  bone-pins.  But 
several  of  these  objects  are  evidently  seen  to  be 
modem. 

M.  Goldfuss,  in  the  New  Memoirs  of  the  Aca- 
demy of  the  Curious  of  Nature  for  1823,  has  ex- 
tended his  researches  on  the  fossil  bones  of  West- 
phalia and  Franconia.  He  estimates  that  the  propor- 
tion of  species  in  them  is  nearly  such :  that  for  800  (rf" 
the  cavern  bear  (itrsus  spekeus),  there  are  found  60 
of  the  northern  bear(ffrc/o/rfes),  ten  of  the  ursuspris- 
cus,  30  gluttons,  05  tigers  or  Hons,  50  wolves,  and 
25  hyienas;  which  is  just  the  inverse  proportion  of 
the  contents  of  the  Kirkdale  eave  in  Yorkshire. 

In  the  cavern  of  Sandwich,  and  in  a  smaller 
adjoining  cavern,  caWei.  Heiwi»  ^ece  have  been 
found  at  different  iVmes,  \jesiAsa^x»:(gco.«toQS.\«,\«^ 
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of  bears,  a  skull  and  portion  of  the  jaw  bone  of  a 
hysena,  bones  of  gigantic  stags,  of  a  stag  like  the 
common  one,  of  a  third  species  the  size  of  a  deer, 
a  skull  of  a  glutton,  a  fragment  of  the  under  jaw- 
bone of  the  hog,  teeth  and  occiput  of  the  rhino- 
ceros, but  no  bones  of  tigers,  lions,  or  wolves. 

The  bone  caverns  discovered  in  cutting  down 
the  transition  limestone  rocks  of  Oreston  for  the 
purpose  of  making  the  break-water  off  Plymouth, 
were  the  subjects  of  three  interesting  communica- 
tions from  Mr.  Whidbey,  to  the  Royal  Society ; 
one  in  1816,  one  in  1820,  and  one  in  1822.  At 
the  date  of  the  last,  the  whole  mass  of  rocks  was 
nearly  quarried  away.  He  then  states,  that  "  the 
joints  of  the  rock  were  not  so  close,  but  that  water 
might  drop  down  into  the  cave  j  and  about  these 
joints  some  stalactites  were  found  in  small  pieces. 
/  have  not  seen  any  thing  to  encourage  the  idea,  that 
the  cavern  had  a  communication  with  the  surface  since 
the  flood ;  the  present  state  of  the  quarries  sAoa's 
nothing  like  it.'*  We  have  in  the  same  paper  some 
valuable  observations  on  the  nature  and  appearance 
of  the  bones,  by  Mr.  William  Clift.  In  the  Oreston 
cavern,  discovered  in  1816,  although  the  greatest 
care  was  taken  to  collect  all  the  bones  contained  in 
it,  those  of  the  rhinoceros  alone  were  found.  In  the 
caves  opened  in  1820,  one  contained  bones  and 
teeth  of  the  bear ;  while  another  contiguous  cavity, 
of  apparently  coeval  formation,  contained  only 
bones  of  a  deer  or  antelope.  In  the  caverns  disco- 
vered in  1 82S,  the  bones  of  animals  of  several  dis- 
tinct genera  were  found,  namely,  the  bos,tK^  Aass, 
the  horse,  the  hysena,  the  wo\f,  and  ^!h«  io^.  T^oasfc. 
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cavities,  however,  communicated  with  each  other, 
and  the  bones  of  the  different  grarainivorous  animals 
were  found  mingled  together  in  the  same  cavity  i 
but  those  of  the  carnivora  at  a  considerable  distance 
from  each  other;  the  bones  of  the  hyasna  having 
been  discovered  in  a  cavern,  and  those  of  the  wolf 
and  fox  in  a  gallery.     The  only  specimen  in  this 

»  large  assemblage  which  bears  any  apparent  marks  of 
teeth,  is  a  portion  of  the  radius  of  a  young  wolf, 
which,  in  two  or  three  places  on  its  surface,  has  the 
impression  of  the  incisors  and  canine  teeth  of  some 
small  animal  of  the  size  of  a  weasel.  Some  addi- 
tional specimens  of  the  jaws  and  teeth  of  the  hyaena, 
the  wolf,  and  the  fox,  were  discovered  in  one  of 
the  caverns ;  from  which  cavity  indeed,  all  the 
bones  of  the  wolf  have  been  derived. 

A  discovery  of  fossil  teeth,  and  other  bones  of 
hyaanas,  with  those  of  the  horse  and  ox,  was  made 
in  June  1827.  '^  the  extensive  stone  quarries  of 
Boughton,  about  3  miles  south  of  M^dstone  in 
Kent.  They  were  all  found  nearly  together  in  one 
of  the  numerous  cracks  or  fissures  (locally  called 
rents)  that  intersect,  in  this  place,  the  beds  of 
Kentish  rag,  which  consist  of  limestone  and  coarse 
flint,  dispersed  in  planes  of  irregular  thickness 
through  a  matrix  of  sand  and  sandstone.  Its  geolo- 
gical position  is  In  the  lowest  region  of  the  green  sand 
formation,  immediately  above  the  Weald  clay.  The 
fissures  cut  through  the  strata  from  the  bottom  of 
the  quarries  to  the  surface,  and  are  filled  with  dilu- 
vial loam.  The  bones  appear  to  have  been  drifted 
■■-  to  their  present  ip\ace  aX.  viva  %asnft  time  with  the 
uvial  detntua  of  Voam,a\i4?.\«Q^  Si^^««a,  wossa^ 
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which  they  lay,  occupying  a  position  precisely  simi- 
lar to  the  bones  of  hyqenas  and  other  animals  that 
were  discovered  in  the  fissures  of  the  breakwater 
•  limestone  rock,  near  Plymouth,  imbedded  in  similar 
diluvial  loam  and  pebbles. 

The  open  fissure  in  Duncombe  Park,  lately 
examined  by  the  Doctor,  deserves  remark,  on 
account  of  the  illustration  which  it  afibrds  of  the 
manner  in  which  the  bones  of  antediluviaf)  animals 
may  have  been  accumulated  by  falling  into  similar 
fissures, — now  filled  up  with  diluvial  mud  and 
pebbles.  This  fissure  seems  of  postdiluvian  origin ; 
being  a  great  irregular  crack  or  chasm,  in  the  solid 
limestone  rock,  which  forms  a  steep  and  lofty  cliff 
oQ  the  right  side  of  the  valley  of  the  Rye.  It  is 
almost  concealed  by  overgrown  bushes,  and  being 
nearly  at  right  angles  to  the  edge  of  the  cliff,  pre- 
sents a  pitfall  across  the  path  of  animals  passing  that 
way.  Into  this  chasm,  the  Doctor  descended,  and 
found  the  skeletons  of  dogs,  sheep,  deer,  goats,  and 
hogs,  lodged  at  various  depths  on  the  lateral  ledges. 
Now,  such  fissures  undoubtedly  existed  on  the  ante-  ' 
diluvian  earth,  and  probably  in  much  greatet  abun- 
dance than  since  the  grand  aqueous  revolution, 
which  must  have  filled  up  many  of  them  with  its 
detritus.  There  is  therefore  no  reason  why  the  then 
existing  animals,  should  not  have  fallen  into  them, 
and  have  peiished ;  particularly  when  we  consider 
that  it  is  the  habit  of  graminivorous  animals,  such 
as  those  which  have  left  theif  bones  in  the  breccia 
fissures  of  the  Mediterranean  shores,  to  be  constantly 
traversing  the  surface  of  the  ground  in  everj  dvE^C/. 
tiott  in  pursuit  of  food,  they  mv&K  V»e  ^e«&sw\^  \va^* 
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to  the  accident  of  falling  into  any  imperfectly  closed 
chasm  that  lies  in  their  way.  Thus  we  have  an  ex- 
planation of  the  comparatively  rare  occurrence  of 
the  remains  of  beasts  of  prey  in  tiiose  osseous  brec- 
cias of  the  antediluvian  fissures,  although  they  also 
perished  in  them  occasionally,  as  dogs  still  do  in  the 
open  fissure  of  Dunconibe  Park. 

On  the  Bone  Breccias  of  the  Mediterranean 
coast. — At  Gibraltar,  Cette,  Antibes,  Nice,  Uli- 
veto  near  Pisa,  Cape  Palinurus,  Corsica,  Sardinia, 
Sicily,  Dalmatia,  Cerigo,  and  in  the  Veronese, 
curious  bony  Breccias,  are  observed  filling  up  the 
fissures  of  calcareous  rocks.  In  all  these  different 
and  distant  localities,  the  conglomerated  fragments 
of  bones  are  nearly  the  same.  They  are  relics 
chiefly  of  ruminant  animals,  mixed  with  a  few  lions' 
teeth  and  exuviee  of  other  animals.  The  pieces  of 
bone  are  impasted  in  a  red  earthy  concretion  resem- 
bling highly  burned  bricks,  but  spongy  in  texture 
from  innumerable  porous  cavities  of  various  size, 
which  are  bestrewed  occasionally  with  a  sparry  in- 
crustation. As  the  bones  are  not  pressed  together, 
the  concretion  which  contains  them  must  have  been 
progressively  deposited  round  them,  as  they  fell 
into  therifls  of  the  rocks.  The  bones  have  been  in 
general  broken  to  pieces  before  receiving  their  crust 
of  spar ;  and  are  entirely  dislocated  from  their 
organic  arrangement  in  the  animals  ;  but  they  ex- 
hibit no  signs  of  having  been  rolled. 

The  stony  fragments  of  the  breccia  or  conglo- 
merate, are  coarse-grained  limestone  (saccharoid^ 
of  a  dark  gray  coVout,  cow^iim^  now  and  then 
veins  of  white  spar  •,  an4  a^^'"  \o\«L\a\«ft&\"5^ieJi, 
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Their  size  varies  from  that  of  the  fist  to  a  smiall 
grain.  The  hollow  bones  are  also  lined  with  a 
similar  stalactitic  crust,  yellowish,  and  of  greater  or 
less  thickness.  The  bones  themselves  seem  as  if 
calcined  by  the  loss  of  their  albumen.  They  are 
very  wliite,  but  still  so  hard,  as  to  resemble  petri- 
factions. Teeth  have  retained  their  enamel  in  a  pure 
white  form.  The  casts  of  shells  belong  to. land 
snails ;  of  sea-shells  there  is  no  trace. 

The  bones  do  not  belong  to  our  existing  species 
of  ruminants.  In  the  bone  rock  of  Gibraltar,  so 
well  described  by  Major  Imrie  in  the  Editi.  Phil. 
Trans,  vol.  IV.,  M.  Cuvier  found  a  species  of  hare, 
and  probably  a  species  of  deer ;  neither  of  them 
now  known  in  Europe.  The  rock  of  Cette  is  analo- 
gous to  that  of  Gibraltar ;  being  calcareous,  and 
full  of  fissures  filled  up  with  bony  breccias. 

Rve  kinds  of  animals  have  been  detected  here  by 
M.  Cuvier ;  hares  of  the  size  and  form  of  living 
ones ',  other  hares  one-third  smaller ;  gnawers  very 
similar  to  the  field  mouse ;  birds  of  the  size  of  the 
wagtail  J  and  serpents  as  large  as  our  common 
snake.  The  bones  of  hares  are  most  common ;  and 
they  appear  to  M.  Cuvier  undistinguishable  from 
the  existing  breed  of  wild  hares,  though  he  cannot 
venture  to  pronounce  them  the  same,  for  their  oste- 
ology is  not  nearer  than  that  of  the  North  American 
or  Egyptian  hares,  which  must  be  held  to  be  different 
species  from  the  European.  The  subgenus  o£mus, 
and  the  small  tribes  of  which  it  consists,  beginning 
with  the  ondatra  or  great  musk-rat  of  America,  and 
terminating  with  our  small  field  tnvce^  m*  i>s>os:i- 
guiabed  from  the  other  rata,  b^  tih^t  tjea'Ccv,  ^a  "^^ 
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number  of  three,  in  all  without  roots,  and  composed 
through  their  whole  height  of  triangular  or  rhoni' 
boidal  prisms,  whose  edges  are  respectively  parallel 
to  the  lateral  faces  of  the  prism.  In  the  ordinary  rats 
which  are  less  exclusively  herbivorous,  the  crown  is 
short,  tuberculous,  and  when  it  is  worn  so  as  to  re- 
semble a  little  that  of  the  field-mice,  its  lowness,  and 
the  speedy  division  of  the  tooth  into  roots,  enable 
us  to  recognise  it. 

Frum  the  bony  lireccia  of  Antibes,  M.  Cavier  has  extracted  a 
part  of  the  lower  jaw  of  a  ruminant  approaching  io  size  to  a  mode- 
rately large  fallow  [leer,  and  avery  characteristic  buck  priiulerof  agreal 
horae.  In  the  breccia  of  Nice,  he  found  a  portion  of  lower  jaw  of  a 
sheep  or  antelope  of  middle  size  ;  aereral  moW  teeth  of  deer  of 
different  kinds ;  a  first  anil  last  grinder  of  a  large  oi,  imbedded  m 
the  red  cement ;  the  lower  portion  and  condyle  of  a  femur  of  a 
ruminant ;  a  considerable  piece  of  tbe  hind  foot  of  a  species  of  atag ; 
and  UiHtinet  bones  of  a  kind  of  horse  of  the  size  of  a  coach  horae. 

Tbe  gnawers  so  common  in  the  other  breccias  of  the  Mediterranean 
shores,  are  rare  at  Nice.  The  tooth  of  a  lion  and  a  panther  have 
been  delected ;  also  remains  of  a  land  tortoise,  more  akin  to  the 
testudo  radiaia  of  New  Holland  than  any  other. 

In  the  osneons  breccias  of  Uliveto  near  Pisa,  M,  Cuvier  distin- 
guished a  tibia  of  a  lai^e  ruminant,  the  jaw  bone  of  a  hare,  and 
jaw  bones  of  a  species  of  fallow  deer. 

Tbe  Cape  of  Palinums,  which  Virgil  has  engraved  mi  the 
memory  of  every  classical  scholar, — 

O  nimium  coclo  et  pelago  confise  aereno 
Niidus  in  ignoca,  Pallnure,  jaccbii  arena — 
is  a  promontory  on  the  coast  oftlie  kingdom  of  Naples,  in  the  dis- 
trict extending  from  the  gulf  of  Salernum  to  that  of  Policastro. 
M.  Cuvier  lias  obtained  from  its  breccia,  an  upper  part  of  tbe 
tibia  of  a  stag,  of  intermediate  size  between  a  common  deer  and 
elk,  and  the  under  anterior  molaris  of  a  ruminant. 

The  breccias  of  Corsica  are  similar  to  tbe  preceding.  We  find 
the  same  reddisU  cemenl,  eaveloijln^  angular  fragments  of  granular 
limestone,  some  aiuU  kWWki  vQAnatiun^i^*:  '^(A«  <i&  S^mm, 
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with  interstidal  spaces^  subsequeDtly  filled  jxp  or  beeprinkled  willi 
stalactitic  crystals.  M.  Brogniart  xonsidera  the  stony  fragments 
of  the  conglomerate,  as  transition  limestone,  the  only  old  calcareous 
formation  of  the  island,  which  immediately  underlies  the  tertiary 
strata.  M.  Cavier  has  foond  in  thb  breccia  a  complete  skull  of 
a  hare,  which  he  refers  to  the  tail-lesa  hare,  or  argaU  of  Siberia^ 
called  by  him  lagomySy  which  the  muffoU  of  Corsica  and  Sardinia 
indeed  closely  resembles.  He  also  detected  an  enormous  quantity 
of  bones  of  a  species  of  gnawers,  very  like  those  of  a  water-rat ; 
probably  the  same  with  the  fossil  field-mouse  of  Cette. 

In  the  osseous  conglomerates  of  Sardinia,  have  been  found  in  a 
single  specimen,  the  size  of  the  fist,  numerous  bones  of  the  field- 
mouse  family,  and  of  four  other  species  of  small  gnawers,  indicat- 
ing a  zoology  quite  different  from  what  this  country  presents  at  the 
present  day.  A  species  of  loffomys  has  been  also  detected.  Frag- 
ments of  the  sorex  fodienSy  B.  species  of  water  rat,  have  been  like- 
wise seen  here.  In  conglomerates  so  richly  stored  with  bones, 
what  discoveries  might  be  made,  were  there  resident  naturalists 
who  could  explore  them  for  a  few  months  on  the  spot  I 

From  Palermo  in  Sicily,  M.  Cuvier  had  a  piece  of  conglomerate 
which  afforded  him  the  forepart  of  the  lower  jaw  of  a  horse,  con- 
taining 6  incisors,  belonging  to  an  individual  from  6  to  7  years  old ; 
and  the  lower  condyle  of  a  humerus  of  a  stag,  of  intermediate  size 
between  that  of  Canada  and  our  common  deer. 

The  breccia  of  Dalmatia  is  probably  the  most  extensive  of  all, 
stretching  along  the  whole  coasts  of  Venetian  Dalmatia,  and  even 
much  further  towards  the  south.  Its  structure  and  aspect  are  the 
same  as  that  of  Gibraltar.  All  the  bones  hitherto  extracted  by 
Cuvier  belong  to  ruminants,  impasted  in  the  ordinary  reddish 
cement. 

Doctor  Buckland  shows  with  his  wonted  saga- 
city, that  the  red  cement  of  the  osseous  breccia,  is 
an  earthy  loam,  differing  merely  in  colour  from  that 
which  fills  the  caves  and  fissures  of  the  rocks  of  the 
German  caves,  and  constitutes  the  diluvial  loam  on 
their  bottom.  The  consolidated  state  of  the  breccia, 
is  due  to  the  stalactitic  infiltrations  of  calcax^ow^ 
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Waters.  This  also  has  happened  to  much  of  the' 
German  cave  loain.  It  appears  that  besides  the 
bones  of  extinct  species  of  animals,  found  in  the 
fissures,  and  imbedded  in  their  breccias,  there  are 
other  bones  of  postdiluvian  origin  ;  both  sets  the 
remains  of  animals  which  had  i'allen  into  tlie  cre- 
vices and  perished  there ;  only  the  first  set  are 
agglutinated  by  the  diluvium  and  calcareous  infil- 
tration. Professor  Buckland  has  shown  analogous 
phenomena  in  the  fissures  of  many  of  the  English 
limestone  rocks,  as  at  Oreston,  near  Plymouth,  and 
Duncombe  Park. 

Comparison  of  the  Osseous  Breccia,  •uilh  the  bony 
loam  of  the  Caverns. — Mr.  Fortis  describes  the 
breccia  of  Dalmatia,  and  some  of  the  islands,  as 
occurring  both  in  vertical  and  horizontal  cavities 
of  the  limestone,  visible  in  clefts  and  fissures  along 
the  shores,  and  in  caves  in  the  interior  of  all  the 
islands  and  coasts  of  lUyria.  The  bones  are  usually- 
imbedded  in  the  red  ochreous  cement,  dispersed  and 
broken.  This  mass  of  earthy  loam,  differs  only  in 
colour  from  that  which  fills  the  caves  and  fissures, 
and  composes  the  superficial  diluvial  loam  in  Ger- 
many. Its  consolidated  state  may  be  referred  to 
stalagmitic  infiltrations  as  we  have  formerly  said. 
"  At  the  north  extremity  of  tlie  mountain"  of 
Gibraltar,  says  Major  Imrie,  "  the  concretion  (of 
reddish  calcareous  cement)  is  generally  found  in 
perpendicular  fissures  ;  the  miners  there  employed 
on  the  fortifications,  in  excavating  one  of  those 
fissures,  found  at  a  great  deptli  from  the  surface  two 
skulls  (not  human).  This  concretion  varies  in  its 
composition,  accoiding  to  the  situation  where  it  is 


OBIOIK  OF  THE  BONE-BRECCIA.  589 

found.  At  the  extremity  of  Prince's  lines,  high  in 
the  rock  which  looks  towards  Spain,  it  is  found  to 
consist  only  of  a  reddish  calcareous  earth,  and  the 
bones  of  small  birds  cemented  thereby.  The  rock 
around  this  spot  is  inhabited  by  a  number  of  hawks, 
that  in  the  breeding  season  nestle  here,  and  rear 
their  young  ;  the  bones  in  this  concretion  are  prob- 
ably the  remains  of  the  food  of  those  birds.  At 
the  base  of  the  rock  below  King's  Lines,  the  concre- 
tion consists  of  pebbles  of  the  prevailing  calcareous 
rock.  In  this  concretion  at  a  considerable  depth 
•  under  the  surface,  was  found  part  of  a  green  glass 
bottle:" 

These  phenomena  prove  that  a  formation  of  analogous  brecda  ii 
■till  going  on.  In  the  case  of  the  Meditfirranean  breccias,  as  well 
as  in  the  cares  at  Plymouth,  the  introduction  of  the  loam  and 
pehblea  may  he  jaaily  ascribed  to  diland  action  superinduced  upon 
bones  and  angular  fragments,  that  bad  fallen  into  the  caritiea 
whilst  yet  open,  in  the  period  preceding  the  last  general  innndation 
of  the  earth.  "  The  nncovered  parts  of  the  rock,"  aayi  Major 
Imrie,  "  expose  to  the  eye  a  phenomenon  worthy  of  some  atten- 
tion, as  it  tends  clearly  to  deraonitrate,  that  however  high  the 
anrface  of  this  rock  may  now  be  elevated  above  the  level  of  the 
sen,  it  has  once  been  the  bed  of  agitated  waters.  This  phenotn- 
eoon  ia  to  be  observed  in  many  parts  of  the  rock ;  it  conusts  of 
pot-like  holes  of  various  sizes,  hallowed  out  of  the  solid  rock,  and 
formed  apparently  by  the  attrition  of  gravel  or  pebbles,  set  in  mo- 
tion by  the  rapidity  of  rivers  or  currents  ia  the  sea.  One  of  tbeee 
which  had  recently  been  laid  open  I  examined  with  attention,  and 
found  it  to  be  fire  feet  deep,  and  three  in  diameter ;  the  edge  of 
ita  mouth  rounded  off  as  if  by  art,  and  its  sides  and  bottom 
retaining  a  considerable  degree  of  polish.  From  its  month  for 
three  aod  a  half  feet  down,  it  was  filled  with  a  red  ar^llaceona 
earth,  thinly  mixed  with  minute  parts  of  transparent  qnartz  crya- 

•  Bdjn.  PhU.  Trans,  vol.  IV. 
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hypothesis.  In  the  districts  of  mountain  limestooe 
in  Monmouth  and  Glamorganshire,  the  cattle  have 
to  be  protected  from  such  accidents,  by  the  erec- 
tion of  walls  round  the  open  crevices. 

The  lamantine  and  dugong  are  two  large  ceta- 
ceous animals  somewhat  similar  to  seals,  which  now 
frequent,  the  former,  the  coasts  of  South  America 
and  Africa,  the  latter  the  Indian  seas.  Tiiey  are 
both  graminivorous,  living  on  sea-weed,  are  accord- 
ingly furnished  witli  grinders  in  tlieir  jaws,  and 
never  recede  far  irom  the  shore,  but  sometimes 
advance  into  the  mouths  of  rivers.  Some  bones  of 
the  ]amantinc  liavc  been  extracted  irom  a  coarse 
shell  limestone  on  the  banks  of  the  little  river  Layon, 
in  the  department  of  the  Maine-et-Loire,  as  also 
in  several  other  parts  of  France.  M.  Cuvier  infers 
that  it  is  very  certain  that  an  animal  of  the  lamantine 
genus — a  genus  now  peculiar  to  the  torrid  zone, 
dwelt  in  the  ancient  sea,  which  has  covered  the 
lands  of  Europe  witli  its  shells  at  a  period  posterior 
to  the  chalk  formation,  but  anterior  to  that  in 
which  the  gypsums  were  deposited,  when  the 
palfeotheriums,  and  their  contemporary  genera  lived 
in  these  latitudes. 

Fossil  Dolphins.— In  1800,  M.  Cortesi  of  Pia- 
cenza,  collected  some  bones  of  the  elephant  and 
rhinoceros  on  the  summit  of  Mount  Fulgnasco,  one 
of  the  hills  which  descend  from  the  lofty  Appenines 
towards  tile  plain  of  the  Po.  They  lie  almost  on  the 
surface.  Parallel  to  Mount  Pulgnasco,  to  the  east, 
and  separated  from  it  by  the  small  stream  called 
Stramonte,  there  is  ano\.\\e.t  biilmuch  lower  named 
Torazzo,  from  the  lemains  oi  m\  'iv.^Aww'M*  «sv$i. 
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composed*  like  the  base  of  Pulgnasco,  of  a  bluish 
clay,  filled  with  sea  shells.  In  this  hill,  about  120 
feet  above  tlie  Stramonte,  M.  Cortesi,  attracted  by 
a  vertebra  which  had  been  brought  to  him  from 
this  place,  made  excavations,  and  discovered  the 
nearly  entire  skeleton  of  a  dolphin ;  a  success 
which  excited  him  to  very  zealous  researches  since 
that  time.  The  fish  to  which  that  skeleton  be- 
longed must  have  been  about  thirteen  feet  long. 
M.  Cuvier  considers  it  to  be  of  a  different  species 
from  the  dolphins  now  known  to  naturalists.  Fossil 
remains  of  another  dolpliin  have  been  found  at 
Sort,  a  village  in  the  department  of  Landes,  two 
leagues  from  Dax,  buried  in  a  bed  of  .broken  shells 
and  ottier  marine  productions.  The  whole  length 
«{'  the  animal  when  alive  must  have  been  9  feet ; 
and  it  seems  also  to  (Uffer  from  existing  species. 
Some  other  fossil  fragments  of  dolphins  have  been 
found  in  other  places. 

CHAP.  VIL— THE   PRESENT  EARTH,  AND  ERA  OF  ITS 

EMERGENCE. 

The  original  dry  lands  having  been  upheaved  from 
the  circumfluent  abyss,  prior  to  the  creation  of  the 
animal  tribes,  were  truly  primitive  formations,  afford- 
ing naturally  to  the  husbandman  a  dense  and  stub- 
bom  soil.  But  the  mineral  strata  formed  under  the 
ocean  during  the  antediluvian  interval,  were  planes 
of  argillaceous  and  siliceous  loam,  through  which, 
calcareous  matter,  in  a  friable  state,  was  largely  and 
universally  distributed  by  organic  secretion.  That 
term  of  the  terraqueous  constitution  may  thetafen^ 
be  compared  to  the  larva  alaXe  o?  wamt  xiotsv^*!^. 
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during  which  the  grand  metamorphosis  was  slowly 
preparing  for  the  production  of  a  better  and  more 
enduring  earth,  when  that  ancient  ocean  should 
•transfer  its  mass  to  a  new  bed,  possibly  that  of  our 
present  Pacific,  Mediterranean,  &c.  while  the 
secondary  strata,  as  of  Italy,  France,  England,  and 
other  countries,  were  elevated  and  laid  dry.  The 
physical  proofs  of  such  changes  have  been  fully 
detailed  in  the  former  chapters  of  this  work. 

Calcareous  matter  is  indispensable  both  as  a 
stimulus  and  a  food  to  plants,  but  the  compact 
semi-crystalline  texture  of  primitive  limestone,  and 
its  insulation  in  detached  mountain  blocks,  are 
unpropitious  to  its  agricultural  influence.  When 
disseminated  in  the  form  of  pulverised  shells  and 
marl,  it  becomes  so  beneficial  to  vegetation,  that 
mixed  in  due  proportions  with  alumina  and  silica,  it 
may  constitute  a  soil  inexhaustibly  fertile.*  Hence 
primitive  and  transition  districts  of  country,  like 
Cornwall  and  Northumberland,  are  as  readily  recog- 
nised by  the  farmer  as  by  the  geologist 

The  antediluvian  dens,  so  skilfully  deciphered 
by  Dr.  Buckland,  serve  unquestionably  to  show, 
that  certain  strata  of  submarine  formation,  richly 
replenished  with  shell  limestone,  had  been  elevated 
into  habitable  land  long  prior  to  the  deluge,  a  corol- 
lary from  our  principles  of  the  unstable  equilibrium 
of  the  primeval  globe.  And  the  whole  phenomena 
of  geology  concur  to  prove,  that  much  of  the  richest 

*  A  very  productiTe  soil,  from  the  banks  of  the  river  Parret,  in  Somer- 
■etahire,  eSbrded  Co  Sir  H.  Davy  four-gfihsof  its  weight  of  carbooate  of 
lime;  and  another  yielding  excellent  pasture,  from  the  valley  of  the 
Atod,  near  SeUsbury,  gftvethiw-fifchs.— ^£nciiAi(ra/  Chen,  pp.  201,  tOS. 
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soil  of  the  present  earth,  was  elaborated  and  ripened 
with  supreme  skill,  and  benevolent  foresight,  under 
that  ancient  ocean. 

By  the  alternate  agitation  and  repose  of  the  same 
waters,  was  arranged  that  beautiful  alternation  of 
porous  and  dense  beds,  so  finely  exemplified  in-  the 
secondary  and  tertiary  formations  of  England.  To 
that  structure  is  due  the  wide  distribution  of  fresh 
waters  in  springs  and  wells,— essentia!  to  animal . 
comfort  and  existence.  But,  for  that  happy  alterna- 
tion, every  extensive  tract  of  level  land,  must  have 
been  either  marshy  from  excess  of  water,  or  sterile 
from  want  of  it.  Now,  in  consequence  of  the  repeti- 
tions of  the  mineral  series,  and  the  gentle  slopes  of 
the  mineral  planes,  one  or  more  strata  may  be 
absent  witliout  afiecting  the  filtering  and  reservoir 
mechanism  of  the  system. 

A  third  rich  legacy  bequeathed  by  the  antedilu- 
vian world  to  its  successor,  merits  particular  notice. 
The  ardent  temperature  which  has  been  shown  to 
have  glowed  at  first  in  the  primeval  scene,  even  under 
latitudes  much  higher  than  our  own,  called  fortli 
that  luxuriant  vegetation  round  all  its  inland  lakes, 
by  the  successive  deposition  of  whose  exuvise  on 
their  bottoms,  our  coal  strata  were  formed.  Had 
plants  passed  through  their  several  stages  of  vigour 
and  decay,  in  these  ancient  times,  as  slowly  as  they 
do  now,  the  coal-mines  of  Great  Britain  could  hardly 
have  existed ;  her  fire-instinct  automaton  would 
have  been  unknown  or  inoperative;  and  this  island, 
now  the  queen  of  commerce  and  the  arts,  must 
have  slumbered  ingloriously  amid  the  fogs  of  her 
wintry  seas. 
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What  a  steady  career  of  ameliomtioD  do 
three  cases  disclose  amid  apparent  tumult  and 
aster!  Nor  are  moral  analogies  wanting  j  for  here 
we  may  percejvc  Divine  Providence  rearing  with  one 
Jiand  a  monument  to  all  ages  of  the  punishment  of 
incorrigible  violence  and  impiety ;  and  with  the 
other  constructing  a  better  habitation  for  man,  the 
destined  scene  of  a  new  covenant  of  grace,  to  be 
hallowed,  in  the  fulness  of  time,  with  the  footstqw 
of  Emmanuel,  Thefirst  earth  had  displayed,  " in 
sight  of  mortal  and  immortal  powers,"  how  griev- 
ously the  gifts  of  robust  health  and  longevity  might 
be  abused  by  .wilful  free  agents ;  the  second  was 
ordained  to  show  how  conducive  a  feeble  frame,  and 
a  brief  span  of  existence,  might  be  made  to  the 
eternal  welfare  of  responsible  beings. 

From  the  diminished  area  of  the  postdiluvian 
lands,  and  tempefature  of  its  seas,  the  new  globe 
could  not  furnish  room  or  food  sufficient  for  the 
myriads  of  enormous  anim»ls  which  peopled  its 
predecessor.  Hence  we  may  comprehend  why  the 
fossil  elephant,  mastodon,  great  cavern  bear,  palseo- 
therium,  megatherium,  inegalonyx»  megalosaurus, 
and  iguanodon,  were  not  restored-  Those  power, 
ful  and  voracious  quadrupeds  would  have  con- 
sumed the  nascent  herbage,  which  the  horse,  the 
cow,  tlie  sheep,  and  the  other  tribes  of  domestic 
animals  required.  Moreover,  we  may  see  that  the 
puitiplication  of  the  former  orders  of  wHd  beasts, 
ifpuld  have  been  incompatible  with  the  unbounded 
jU^>«rsipn  of  man  over  every  district  of  the  reno- 
•'•-'led  earll).    Tf^^  pivmevaN.  «s«s^'a.\x«te.  of  Noah 

^e  certainly  restnctei  \o  o-a^^  ^e^^wv,  -bsw  ^s& 
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mersed ;  for  human  bones  moulder  as  slowly  in 
the  eartli  as  those  of  any  brute  animal,  yet  not  one 
of  them  has  been  found  6f  a  truly^  fossil  character. 
The  conclusion,  indeed,  may  be  drawn  from  the 
prodigious  herds  of  wild  beasts  which  prowl^ 
through  these  northern  regions  of  ours,  ttfiat  httifiait 
society  was  not  established  (here.  The  two  'wwej 
in  fact,  incompatible,  and  could  not  dwell  togetbef. 
And  further,  we  may  venture  to  infer  from  the 
tenor  of  the-  Mosaic  history,  that  God,  foreseeing 
the  wickedness  of  Cain's  progeny  and  ttieir'  asso- 
ciates, benevolently  restrained  the  progress  of  prime- 
val' population. 

Thus  we  learn  that  Adam  was  130  years  old 
before  the  loss  of  Abel  was  repaired  by  tiie  birth  of 
Seth ;  and  Seth  lived  105  years,  before  Enos  his 
eldest  son  was  bom.  Again,  Enos  was  90  years 
old  before  he  had  Cfunan,  to  whom  Mahaleel  was 
bom  in  his  76th  year.  After  65  years  Jared  ap- 
peared, who  had  no  son,  however,  till  he  was  162 
years  of  age.  Then  Enoch  was  bom,  who  begat 
Methuselah  in  his  65th  year ;  but  Methuselah  was 
187  years  old  before  he  had  Lamech,  whose  son 
Noah  was  bom  in  his  182d  year. — The  average 
period  which  each  of  the  primeval  patriarchs  lived 
before  his  eldest  son  was  bom,  was  therefore  liyi 
years. 

Judging  from  these  data,  the  only  ones  we  have, 
the  increase  of  population  must  have  been  very 
slow;  Divine  mercy- limiting  the  victims  of  guilt 
and  perdition.  Multiplying  in  tliis  temperate  ratio, 
the  race  of.  man  could  not  spread  widely  ovet  tlw, 
worJd,   thinned  as  the  raember?.  tomsV  via^  V«s«^ 
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been,  by  mutual  violence,  the  dire  legacy  of  Cabi. 
Whither  Adam  went  when  banished  from  the  dis- 
trict of  Eden,  we  cannot  tell.  We  formerly  sug- 
gested that  he  and  his  family  might  have  wandered 
into  some  great  southern  territory,  which  expiated 
the  curse  of  God  pronounced  on  the  earth  on  ac- 
count of  Adam's  sin,  by  its  submersion  at  the  dehige. 
"  And  God  said  unto  Noali,  The  end  of  all  fiesh  is 
come  before  me,  for  the  earth  is  filled  with  violence 
through  tliem  ;  and  behold  I  will  destroy  them  a'l'M 
the  earl/i." — Genesis  vi.  13.  This  language,  as  also 
St.  Peter's  emphatic  term,  aTuXiTu  (perished),  could 
nev^r  be  spoken  of  a  transient  inundation.  Would 
any  one  affirm  that  Egypt  perishes  or  is  destroyed 
every  summer,  when  its  land  disappears  under  the 
waters  of  the  Nile  ?  But  if  the  earthy  continent 
which  was  occupied  by  the  antediluvians,  being 
permanently  overflowed  with  water,  perished  in  the 
deluge,  a  result  to  which  physical  principles  have 
already  led  us,  then  prior  to  that  terraqueous  revolu- 
tion, the  climate  of  the  primeval  lands  and  seas,  even 
in  arctic  regions,  must  have  been  warm  enough,  as 
we  have  seen,  to  breed  and  nourish  organic  produc- 
tions now  confined  to  the  tropics.  Hence  the  bony 
relics  of  the  elephant  and  rhinoceros,  found  in  the 
soils  of  the  north,  instead  of  being  obstacles  to 
faith,  become  unimpeachable  witnesses  to  the  Divine 
inspiration  of  Moses,  when  he  relates  the  destruc- 
tion of  the  earth,  along  with  its  guilty  inhabitants. 
The  same  causes  that  are  now  narrowing  the 
range  of  fertility  in  many  tropical  countries,  the 
same  pulverisation  of  lUe  surface  by  continued 
'nought,  the  same  sanA-ftooimmvVwjfe'SKXfc^'^-^ 
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far  greater  force,  on  the  relatively  arid  antediluvian 
lands.  Hence  most  probably  a  great  and  rapidly 
widening  zone  on  either  side  of  the  equator,  was 
altogether  desolate.  But  the  proportional  area  of 
land  and  water  established  by  the  deluge,  is  adapted 
to  a  more  durable  and  extensive  fertility  of  the 
globe,  from  the  more  abundant  distribution  of  water 
in  every  form,  soUd,  liquid,  and  gaseous. 

In  book  first,  chapter  third,  it  has  been  shown 
that  round  a  sphere  of  uniform  temperature,  an 
atmosphere,  composed  like  our  own,  of  air  and 
vapour,  could  possess  no  ^^fru/ currents,  no  winds, 
and  could  deposit  no  rain  drops  on  the  earth.  All 
its  motions  would  be  vertical,  caused  by  a  perpetual 
struggle  between  the  temperature  due  to  the  den- 
sity of  the  air,  and  the  constituent  temperature  of 
the  vapour ;  whence  evaporation  would  go  on 
below,  and  simultaneous  condensation  above. 

The  wannth  of  the  ancient  ocean,  and  of  its 
incumbent  zones  of  air,  would  maintain  a  vast  deal 
of  moisture  in  the  vaporous  form  ;  much  of  which 
on  very  slight  diminutions  of  heat  would  precipi- 
tate  on  the  ground  in  most  copious  dews.  Thus, 
supposing  the  temperature  of  any  region  of  the 
antediluvian  globe  during  the  day  to  have  been 
120°  F.  and  during  the  night  to  be  still  110°,  as 
much  water  would  be  separated  from  it  in  dewy 
deposition,  as  from  our  atmosphere  over  the  equa- 
torial seas  at  SO",  were  it  chilled  down  to  32°  below 
our  freezing  point. 

The  streams  of  ascending  vapour  might  be  con- 
sidered merely  as  the  carriers  of  caloric  from  the 
surface  of  the  earth  to  the  upper  tenons.    "^m-V'xb. 
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no  bow  could  be  set.  Heavy  dews  deposited  dur- 
ing tlie  night  and  early  dawn,  from  the  well  known 
influence  of  a  ground  chilled  by  calorific  radiation, 
would  supply  the  place  of  rain  for  vegetable  sus- 
tenance; as  now  liappens  in  Lima  and  many  other 
regions  of  our  present  globe. 

I  had  deduced  these  corollaries  from  the  liygro- 
metric  laws  laid  down  in  treating  of  the  atmosphere, 
before  my  attention  was  directed  to  tlie  following 
curious  historical  notice  of  primeval  meteorology. 
It  afibrds  a  very  beautiful,  and  to  me  quite  unex- 
pected accordance,  between  the  results  of  Science 
and  the  records  of  Faith. 

"  For  the  Lord  God  had  not  caused  it  to  rain 
upon  the  earth,  and  there  was  not  a  man  to  till  the 
ground.  But  there  went  up  a  mist  from  the  whole 
earth,  and  watered  the  whole  face  of  the  ground." 
Genesis  ii.  5,  6, 

This  document,  at  which  a  sciolist  might  possibly 
sneer,  is  in  reality  a  powerful  testimony  to  the  truth 
of  Moses. 

The  rainbow  thus  becomes  a  most  significant 
emblem  of  God's  providential  regard  to  man.  It  is 
a  phenomenon  which  results  from,  and  declares  the 
remodelled  constitution  ot"  the  terraqueous  sphere. 
It  is  a  type  of  sin  and  suffering;  of  expiation  and 
peace ;  a  vision  where  the  heaven-ward  soul  may 
discern  the  sublimest  truths  of  Revelation  and 
Science.  "  While  the  earth  remaineth,  seed-time 
and  harvest,  and  cold  and  heat,  and  summer  and 
winter,  and  day  and  night,  shall  not  cease." 
For  a  Jong  petioA  afVet  V\\&  dtW^e,  the  earth,  at 
ast  in  its  extra-ltovica\  XQtxes,  \ewv»»s^  t^^-oniSc^ 
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damp  and  cold.  Abb6  Mann  infers  from  an  elabo- 
rate research,  "  that  tlie  soil  and  temperature  of  all 
the  countries  from  Spain  to  the  Indies,  and  from 
Mount  Atlas  to  Lapland  and  the  remotest  north, 
have  entirely  changed  during  the  course  of  ages, 
reckoning  from  the  earliest  historical  documents  to 
the  present  time,  gradually  passing  from  extreme 
humidity  and  cold,  to  a  considerable  degree  of 
dryness  and  warmth  ;  that  is  to  say,  from  one  oppo- 
site to  another."     Abbe  Mann's  Memoirs,  I.  12. 

The  Hon.  DaioesBarrin^QtilBO  from  a  wide  induction  of  histor- 
ies] focU  concluded,  "  that  the  ieasons  have  become  infinitely  more 
mild  ia  the  northern  latitudes,  than  they  were  16  or  17  centnriei 
ago."     Phil.  Tratu.  1768. 

Cffisar  gays  the  vine  cootd  not  be  cnltinUed  in  Gaol  on  account 
of  the  severity  of  wial«r ;  though  that  country  now  affords  the 
highest  flavoured  wines.  The  rein-deer  wu  in  his  lime  an  inhab- 
itant of  the  Pyrenees ;  whereas,  the  Highlands  of  Scotland  are  at 
this  day  too  warm  for  it.  The  Hber  was  sometimes  frozen  orer,  . 
and  the  ground  Rboat  Rome  corered  with  snow,  for  seTeral  weeks 
together.  The  Romans  never  experience  sncfa  intense  winter 
weather  in  our  times. 

This  progress  of  heat  and  desiccation  has  produced 
remarkable  changes  on  the  land  of  Egypt.  For 
many  generations  after  the  flood,  it  was  a  hotbed 
of  vegetation,  and  swarmed  with  the  animal  tribes. 
Even  in  the  time  of  Augustus,  the  granaries  of 
Rome  were  filled  from  the  corn-fields  of  Egypt. 
But  the  soil  of  the  greater  portion  of  it  growing 
progressively  more  arid,  has  now  become  a  mass  of 
incoherent  sand,  drifted  every  season  closer  to  the 
valley  of  the  Nile,  by  the  western  winds,  circum- 
scribing the  fields,  and  blasting  the  hopes_  of  the 
husbandman.     No  lands  capab\e   o?  xS^a^e.  •wa-* 
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remain  on  any  portion  of  the  bunks  of  tliat  river, 
where  tliey  are  uusiielteretl  by  a  mountain-ridge. 

M.  Uenon  ioforma  os  that  uothiog  any  longer  appears  above 
^ese  uuitis,  but  the  Bummils  of  rained  dUM  that  lie  oVerwUpluied 
beneath  tlicm.  "  How  melancholy  to  walk  oTer  villRgiM  awallowiMl 
Op  by  the  flyiiig  diut  of  the  dt-iwrt,  to  trample  their  roofs  under 
our  feet,  to  strike  against  tliu  very  pinnaclca  of  thoir  minarets,  and 
to  reflect,  that  yonder  were  eultirated  6e1dn,  tttat  here  grew  trees, 
^  and  there  stood  the  dwellings  of  men,  bat  all  have  vanished  forever." 
Had  our  continents  been  as  ancient  as  some 
have  surmised,  tliis  scourge  of  thb.  desert,  which 
has  committed  such  ravages  since  the  days  of  Cleo- 
patra, sliouhl  h)ng  before  that  period,  have  eftiiced 
every  vestige  of  human  habitation  from  the  western 
banks  of  the  Nile.  The  relative  conditkm  of  such 
monuments  attests  the  progressive  encroachment  of 
the  sand ;  for  the  fertility  and  populousness  of 
Egypt  have  declined  visibly  with  the  exhaustion  of 
the  diluvian  moisture.  Had  that  great  cataclyan 
been  more  ancient  than  the  epoch  assigned  by 
Moses,  Egypt  ought  to  have  reached  its'  ultimate 
desolation  very  long  ago.  Not  an  oasis  should  now 
remain,  no  green  island  in  the  wilderness,  to  remind 
the  traveller  of  those  fruitful  plains  which  once 
extended  the  whole  way  to  the  Nile.  Thus  the 
gradual  invasion  of  Egypt  by  the  sands  of  the 
desert,  becomes  a  chronometer  of  our  globe. 
■  Berosus,  who  wrote  at  Babylon  in  the  time 
of  Alexander,  speaks  of  the  deluge  nearly  in  the 
same  terms  with  Moses,  and  supposes  it  to  have 
happened  immediately  before  Belus,  the  father 
of  Ninus.  Though  the  traditions  of  some  ancient 
nations  who  trace  \iacV.  iWk  origin  many  thou- 
sands of  ages,  seem  aX  fer^X  sv^x.  \a  w«\V\s^«&. 
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tim  newness  of  the  actu^  world,  yet  when  we 
examine  these  traditions  uiore  closely,  we  readily 
perceive  that  they  are  not  in  the  least  historical, 
and  we  are&reed  to  conclude  tliat genuine  history 
with  all  its  positive  documents  of  the  first  establish- 
ments of  nations,  confirms  all  the  above  indications 
ofnatUral  monuments. 

The  Greeks  coofeaH  their  ignoruice  of  the  art  of  writii^  till  the 
FlieDicuiu  tanght  them  lettera  abont  33  or  34  centimes  ago. 
XiBOg  thereafter,  their  histoiy  is  fall  of  fablea ;  nor  do  tbey  daM 
the  first  traces  of  their  union  into  social  hordes,  further-back  than 
SOO  years.  The  first  profane  historian  whose  worin  remain, 
Herodotus,  can  boast  an  antiquity  of  only  3300  yeara.  The  prior 
irriters  whom  be  may  have  consulted  are  only  a  century  older. 
Even  Homer,  the  master  and  perpetnal  model  of  the  western 
worid,  preceded  our  age  by  no  more  than  2700  or  2800  years. 

When  these  first  bistoriaDs  speak  of  ancient  erents  either  of 
their  own  nation,  or  of  neighbouring  onee,  they  cite  merely  oral 
tnditions,  and  not  public  writings.  It  wiw  not  till  long  afterwards 
that  pretended  extracts  were  given  of  the  Egyptian,  Pbenician,  and 
Babylonian  annals.'  Berosus  wrote  ander  the  reign  of  Seleucns 
Nicator,  Hieronymua  under  that  of  Antiocbi^  Soter,  and  Manetbo 
under  Ptolemy  Philadelphna.  These  all  belong  to  the  third  century 
before  Jesus  Christ. 

Whether  Sanconiatho  be  a  veritable  or  anppositions  author,  be 
was  not  known  till  Philo  of  Byblos  published  his  translation  in  the 
second  century  of  our  era ;  and  though  be  had  been  known,  nodiing 
would  btTe  been  fonnd  in  bim,  aa  in  all  the  writers  of  his  class, 
hot  a  puerile  tbeogony. 

A  single  people  preserved  written  annals  in  prose 
before  tlie  epoch  of  Cyru^i  namely  the  Jews.  That 
portion  of  the  Old  Testament  called  the  Pentateuch, 
exists  under  its  actual  format  least  since  the  schism 
of  Jeroboam,  because  the  Samaritans  receive  it  as 
well  as  the  Jews,  making  its  an^t^^^Vj  *itv  "CiKsa. 
ground  to  be  2800  years.    But  sHvce,  w>  ■?«»»««. 
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can  be  assigned  for  ascribing  its  composition  to  any 
one  but  Moses  himself,  this  tlirows  it  back  500 
)xars  more,  or  33  centuries  in  all.  '  Now  this  work,, 
and  every  other  written  since,  however  foreign  to 
Moses  and  his  people,  represent  the  nations  on  the 
coasts  of  the  Mediterranean  as  new.  They  exhibit 
them  even  as  semi-barbarous  a  few  centuries  before  ; 
and  moreover  they  all  speak  of  a  general  catastrophe, 
an  irruption  of  the  waters,  which  occasioned  an 
almost  entire  renewal  of  the  human  race  ;  of  which 
they  refer  the  era  to  a  date  by  no  means  remote. 
Tiie  Hebrew  text  makes  the  interval  down  to  Moses 
only  778  years,  and  consequently  no  more  than 
4176  years  from  us. 

The  poetical  traditions  of  the  Greeks,  the  sources 
of  our  profane  history  for  these  distant  times,  pre- 
sent nothing  contradictory  to  the  annals  of  the 
Jews.  On  the  contrary,  they  perfectly  accord,  as 
to  the  epocha  of  the  Egyptian  and  Phenician 
colonies,  which  carried  into  Greece  the  first  germs 
of  civilization. 

Neither  Moses  nor  Herodotus  makes  mention  of 
any  great  empire  in  Upper  Asia.  Even  concerning 
Cyrus,  a  prince  so  remarkable,  Herodotus,  who  lived 
only  100  years  after  him,  avows  that  already  three 
different  accounts  were  given ;  and  60  years  later 
Xenophon  wrote  a  biography  of  Cyrus  quite  dif- 
ferent from  that  of  Herodotus. 

It  is  certain  that  tbe  tradition  of  the  delnge  existed  in  Annenia 
before  the  conversion  of  t)ie  inhabitants  to  Christisnity,  and  the 
city  which,  according  to  Josephua,  was  called  the  Place  ofdetcent, 
exists  still  at  the  foot  o[  Moun^.  X.mU.,ul&^ftWK 'Coft'oum'^^clud- 
chevan,  which  has  tb&t  Bi^\&c»\o&- 
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The  Chovking,  the  moat  ancient  and  authentic  book  of  the 
Chinese,  begins  the  hiatory  of  their  country,  with  an  emperor  called 
Yao,  whom  it  represents  as  occupied  in  drawing  off  the  waters, 
which,  having  risen  up  to  the  Heavens,  bathed  at  the  same  time  the 
bases  of  the  highest  mountains,  covered  entirelt/  the  lotoer  hills,  and 
TtndeTtd  the  level  grounds  impassable.  This  Kao  dates  according 
to  some,  4166  years  from  the  actual  time,  being  an  entire  coinci- 
dence with  the  Hebrew  chronology.  Othera  make  him  about  200 
yeara  later. 

"  Is  it  possible,"  says  M.  Cuvier,  "  that  mere 
accident  should  afford  so  striking  a  result,  as  to  unite 
the  traditional  origin  of  the  Assyrian,  Indian,  and 
Chinese  monarchies  to  the  same  epoch  of  about 
4000  years  from  the  present  time  ?  Could  the  ideas 
of  nations  who  possessed  almost  no  mutual  affinities ; 
whose  language,  religion,  and  laws,  had  nothing  in  / 
common ;  could  they  conspire  to  one  point,  did  not 
truth  bring  them  together  ?"  Even  the  Americans 
have  their  Noah,  or  Deucalion,  as  well  as  the 
Indians,  the  Babylonians,  and  the  Greeks. 

The  Chaldean  obserrations  of  eclipses  actually  preserved  and 
cited  by  Ptolemy,  do  not  go  back  more  than  2500  years  from  our 
times.  The  Babylonian  or  first  Assyrian  monarchy  could  not  have 
been  long  powerful,  since  there  existed  all  around  it,  many  nnsub- 
jected  tribes,  such  as  the  Philistines,  Moabites,  and  all  those  of 
Syria,  until  the  establishment  of  what  is  called  the  second  kingdom 
of  Aasyria,  The  thousands  of  years,  therefore,  which  the  Chal- 
deans asanmed,  most  have  been  equally  fabnloua  as  those  of  the 
Egyptians  were. 

The  disesteem  of  the  records  of  revelation  was 
never  more  unluckily  displayed,  than  by  the  eager- 
ness with  which  some  modern  savam,  adopted  and 
struggled  to  defend  the  famous  astronomical  tables 
of  the  Hindoos.  Though  these  are  fabrications  of 
a  recent  date,  as  we  shall  pteseT\\\.y  ^o*«,  vV." 
worthy  of  remark,  that  one  of  t\\evi  oftcisaX.  t«s«i 
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lions  of  the  globe  is  described  in  terms  nearly  coin 
cident  with  the  Mosaic  account.     Their  first  thra 
avatars,  or  descents  of  Vislinu,  clearly  relate  to  a 
universal  deluge,  in  which  only  eight  persons  wa«l 
saved. 

The  paradoxical  Treatise  of  the  eloquent  but 
unfortunate  Bailly  on  the  Hindoo  Chronology, 
■would  have  been  Uttle  known  in  this  country,  and 
would  have  had  little  influence  to  depreciate  the  , 
veracity  of  Moses,  but  for  the  elaborate  commentary  I 
and  eulogium  of  Professor  Playfair  read  before  th6 
Royal  Society  of  Edinburgh  in  I788,  and  published 
in  their  Transactions  for  1790.  Here  he  announced 
the  following  conclusions ;  "  On  the  grounds  ■which 
have  now  been  explained,  the  following  general 
conclusions  appear  to  be  established.  The  obser- 
vations on  which  the  Astronomy  of  India  is  ibunded 
were  made  more  than  3000  years  before  the  Chris- 
tian era,"  (consequently  more  than  650  years  befort 
the  deluge  by  the  Hebrew  Chronology),  "  and  in 
particular,  the  places  of  the  sun  and  moon,  at  the 
beginning  of  the  Calyougham,"  (the  age.  of  misfiv^ 
tune,  310S,  A.  C.)  '*  were  determined  by  actual 
observation. 

"  Two  other  of  the  elements  of  this  astronomy, 
the  equation  of  the  sun*s  centre,  and  the  obliqwty 
of  the  ecliptic,  when  compared  with  those  of  the 
present  time,  seem  to  point  to  a  period  still  more 
remote,  and  to  tix  the  origin  of  this  astronomy  1000 
or  1200  years  earlier,  that  is  4800  years  before  the 
Cliristian  era;  and  the  time  necessary  to  have 
brought  the  arts  of  calculating  and  ob^eniog  to^ 
such  perfection,  as  \.V\ey  taust  have  attai^e^  at.^e 
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beginning  of  the  Calyougham,  comes  in  support  of 
the  same  conclusion. 

"  It  is  through  the  medium  of  astronomy  alone 
that  a  few  rays  from  those  distant  objects,"  (the 
ancient  inhabitants  of  the  globe)  "  can  be  conveyed 
in  safety  to  the  eye  of  a  modem  observer,  so  as  to 
afford  him  a  light,  which  though  it  be  scanty,  is 
pure  and  unbroken,  and  fret  from  the  false  colouring 
ofvamttf  and  superstition." 

The  Professor  of  Mathematics  came  to  these 
conclusions  after  verifying  the  calculations  and 
examining  the  reasonings  of  Bailies  Astronomie  In- 
dienne,  with  the  most  scrupulous  attention.  •'  The 
result  was,  an  entire  conviction  of  the  accuracy  of 
tiie  one,  and  of  the  soUdity  of  the  other." — Pk^- 
Jitir's  Works,  vol.  III.  p.  95. 

Mr.  Playfair  was  singularly  unfortunate  in  this 
memoir,  both  as  a  Theologian  and  Geometer ;  and 
his  complacency  in  the  light  that  he  was  studying 
to  shed,  indicates  a  strange  infatuation  ;  for  both 
Laplace  and  Delambre  have  demonstrated  it  to  be 
impure  and  broken,  and  full  of  the  false  colouring 
of  vanity  and  superstition.  The  accomplished  mind 
.and  amiable  manners  of  the  Professor,  gave  his 
opinions  much  importance  in  society ;  whence  the 
above  conclusions  so  solemnly  announced  as  mathe- 
matical truths,  brought  the  history  of  Moses  into 
contempt  wherever  the  influence  of  his  name 
extended.  What  a  pity  that  some  of  his  feUow 
ministers  of  the  Scottish  Church  had  not  been  able 
to  persuade  him  to  foUow  the  sage  counsel  of  Ricu- 
pero's  Bishop,  "  not  to  make  the  worid  older  than 
Moses  had  done  I" 
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Laplace,  on  whose  science  the  Professor  pro- 
nounced so  splenditi  a  panegyric,  has  examined 
the  Indian  tables,  in  his  S,i/slime  du  Monde  with 
his  customary  precision. 

"  Every  thing,"  says  he,  *'  leads  us  to  conclude 
that  they  are  not  of  high  antiquity.  They  have 
two  principal  cpochas  which  go  back,  one  to  the 
year  3102,  and  the  other  to  H'Jl  years  before  the 
Christian  era.  These  are  linked  together  by  the 
mean  movements  of  the  sun,  moon  and  planets, 
so  that  one  of  the  epochas  is  necessarily  JktUhus. 
The  celebrated  author  (M.  Bailly)  to  whom  I  refer, 
has  tried  to  establish  in  his  treatise  on  Indian  As- 
tronomy,  that  the  first  of  these  epochas  is  founded 
on, observation.  Notwithstanding  his  proofs,  ex- 
pounded with  all  the  interest  which  he  could  bestow 
on  the  most  complex  subjects,  I  consider  it  very 
probable,  that  this  epocha  has  been  invented  for 
the  purpose  of  giving  a  common  origin  upon  the 
zodiac,  to  the  movements  of  the  celestial  bodies. 
In  fact,  if  we  assume  for  our  point  of  departure  the 
epocha  of  1491)  and  go  back  by  means  of  the  Indian 
Tables,  to  the  year  3102  before  the  Christian  era,  we 
obtain  a  general  conjunction  of  the  sun,  moon  and 
planets,  as  these  tables  suppose  ;  but  this  conjunction 
diners  too  much  Jrom  the  result  of  our  best  tables, 
to  have  taken  place,  demonstrating  that  the  epocha 
to  which  it  refers  is  not  grounded  on  observation. 

"  The  tables  all  together,  and  particularly  tJie 
impossibility  of  the  conjunction  which  they  sup- 
pose  at  the  same  epocha,  prove  on  the  contrary 
that  they  have  been  cotvstixicXs;^,  ot  «.V^!A  te,ctified 
in  modern  times."    ^ooVN.  cfea.-^,\. 
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"  The  whole  system  of  the  Indian  tables,"  saya 
Cavier,  "so  elaborately  conceived.  Jails  to  jneces  qf 
itself,  now  that  it  has  been  proved  that  this  epocha 
was  adopted  posthumousbf  ("apris  coup),  from  cal- 
culations retrospectively  made,  the  result  of  which  is 

false.  Mr.  Bentley  has  discovered  that  the  tables  of 
Tirvalouron  which  the  assertions  of  BaiUy  were  prin- 
cipally founded,  must  have  been  computed  towards 
the  year  1281  of  the  Christian  era,"  (only  54? 
years  ago),  "  and  that  the  Sourya-Siddhanta  which 
the  Brahmins  esteem  their  most  ancient  scientific 
treatise  on  astronomy,  pretending  that  it  was  given 
by  revelation  more  than  SO  millions  of  years  since, 
could  have  been  composed  only  767  years  before 
our  own  time."  Ossemens  Fossiles,  Dis.  PreLp.  111. 
Thorough  conviction  on  this  point  is  of  such  vital 
importance  both  to  science  and  revelation,  that  I 
subjoin  Delambre's  decision  from  his  admirable  his- 
tory of  Astronomy,  ancient  and  modern. 

"  The  extensive  treatise  on  Indian  Astronomy,  by 
Bully,  has  been  laboured  with  more  care  than  any 
of  his  other  works.  We  regret  only  to  remark  too 
frequently  in  it,  that  spirit  of  system  which  predomi- 
nates in  all  his  productions.  Insteadof  giving  a  simple 
exposition  of  facts  which  may  enable  us  afterwards 
to  consider  them  in  every  point  of  view,  he  espouses 
an  opinion  to  which  he  makes  every  thing  conform. 
He  renders  it  avulable  with  much  address,  and  by 
approximations  which  are  often  specious.  Some- 
times, and  especially  in  his  Indian  treatise,  he 
intrenches  himself  behind  an  imposing  mass  of  cal- 
.    culatbns,  carefully  dissembling  -wVaXAvet  ma:^  ■^os^ 

prejudidai  to  his  cause,  as  >»e\\  a&  Xhe  (^fts^oos- 
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that  might  be  advanced,  and  which  he  himself  could 
not  fail  to  perceive." 

"  If  we  be  allowed  to  hazard  a  conjecture,  we 
would  say,  that  Builly  never  writes  but  to  prop  a 
sygteni  framed  beforehand  ;  that  he  glances  slightly 
over  the  writings  of  the  aiidents,  reading  them  m 
bad  translations ,-  and  that  he  runs  over  all  the  cal- 
culations in  order  to  pick  ont  obscure  passages  which 
may  lend  some  countenance  to  his  ideas." 

"  When  we  inquire  why  the  Indians  chose  the 
remote  and  fictitious  epoch  of"  C;ili-voiig,  or  misfor- 
tune, we  perceive,  in  the  first  place,  that  it  was  from 
national  vanity;  and  in  the  next,  that  they  might 
make  all  the  planets  start  from  one  point,  a  con- 
junction which  their  method  of  calculation  required. 
If  we  further  ask,  why  they  adopted  a  complicated 
method  which  employs  divisions  and  multiplications 
of  enormous  numbers,  with  so  many  additions,  sub- 
tractions, reductions,  and  different  precepts,  the 
answer  is,  that  they  did  not  wish  for  written  tables; 
they  wanted  numbers  which  could  be  put  into  tech- 
nical verses,  even  into  songs,  so  that  the  calcula- 
tions might  be  performed  without  opening  a  book. 
These  facts,  now  well  known  through  the  labours 
of  the  Asiatic  Society,  are  alone  suflScieot  to  sub- 
vert the  whole  system  of  Bailly." 

"Mr.  Playfair,  in  the  4th  volume  of  the  Edinburgh 
Philosophical  Transactions,  has  spoken  of  the  Indian 
table  of  sines,  believing  it  to  be  very  ancient.  Con- 
sequently he  is  not  surprised  at  Ending  no  tangents 
in  it  which  were  not  known  in  Europe  till  the  l6th 
century.  But  as  V\ie  Viea,  o^  "OftssaSa  Nerj  ^Vearly 
expounded  in  tVie'soiV  o^  ^X\lD.\K.^,m^%a,^si't&R 
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13th  century,  we  find  tables  of  tangents  calculated 
by  the  Arabs,  we  need  not  wonder  if  they  should  be 
found  in  the  Sourya-Siddhanta,  whose  date  is  now 
known  to  be  no  more  ancient.  The  Professor  is 
astonished  at  seeing  versed  sines  among  the  Indians ; 
but  his  memory  has  betrayed  him,  wlien  he  asserts^ 
that  the  Arabs  did  not  know  them.  He  acknow- 
ledges that  the  Indians  have  not  actually  de- 
monstrated either  of  the  two  processes  which  they 
point  out  for  these  calculations.  I  would  be 
tempted  to  believe  that  they  were  ignorant  of  these 
demonstrations ;  if  they  Had  known  the  principle, 
their  table  would  have  been  probably  a  little  better. 
Mr.  Playfair  has  not  calculated  it  anew  i  he  has  not 
even  had  the  discernment  to  perceive  the  error  of 
the  divisor  22.5,  substituted,  probably  by  an  error 
of  the  copy,  for  the  true  divisor  235.5 !" 

Mr.  Dftvis  (lednces  from  his  elaborate  examination  of  the  Indian 
aetrononucal  writingB,  that  the  Cali-youg,  like  the  Julian  period  of 
Europe,  has  been  componnded  b^  a  retrograde  calculation.  It  is 
a  principle  admitted  almost  univerBally  among  the  Indian  astrono- 
men,  to  assume  an  epoch,  at  which  all  the  planets  were  in  con- 
junction, in  the  first  poiat  of  Aries.  They  then  proceed  as  if  this 
general  conjonction  had  really  been  obserred,  and  they  determine 
the  mean  moveinenta,  which  will  gire  for  the  time  of  the  writer, 
the  position  of  the  planela,  such  as  he  has  been  able  to  aaiign. 
Having  thug  fixed  the  epochs,  they  next  travel  back  so  far  into 
antiquity,  that  the  errors  of  the  ancient  epocba  may  vanish,  when 
divided  by  the  number  of  intcrrening  years.  Hence  the  mean 
movements  employed,  differ  from  the  movemeDts  known  to  thero, 
only  by  absolutely  insensible  quantities.  Let  there  be  assunied  for 
the  epodi  a  date  648000  years  distant.  Without  embarrassing  our- 
selves with  the  real  position  of  the  planets  at  that  instant  (a  point 
impossible  to  determuie),  we  may  mtdte  all  the  longitudes  =:  0,  or 
we  may  suppose  a  general  canjunction  in  the  ^le^utmi^  'A   K.™*- 
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Tlie  greatest  error  tbat  can  possibly  be  committed  will  be  &  tead- 
circlei  or  180°  one  way  or  anotber;  bm  —  „^—  :=  1';  thus  by 
taking  euch  a  fictitioos  range,  the  greatest  possible  error  becomea 


This  idea  of  the  Hindoo  system,  given  by  Mr. 
Bentlcy,  says  M.  Delanibre,  is  so  natural,  that  I 
am  astonished  it  did  not  occur  to  M.  Bailly,  and 
make  the  pen  fall  from  his  hand.  It  occurred  to 
myself  on  the  first  perusal  of  M.  Bailly's  book,  be- 
fore the  publication  of  the  first  volume  of  the  Asia- 
tic Researches,  and  it  made  such  an  impression  on 
my  mind,  that  I  could  never :place  the  least  reliance 
on  the  pretended  proofs  that  he  adduced,  nor  would 
I  have  ever  seriously  entered  into  the  discussion, 
could  I  have  avoided  it  in  this  history  of  astronomy. 

Would  a  Eitropean  aatronomer  in  exatniaing  our  Tables  which 
go  back  to  the  epoch  of  800  years  before  the  Christian  era,  conclode 
that  they  were  really  established  on  ohservatioDs  made  2628  years 
ago  ?  Such,  however,  is  the  error  into  which  Bailly  and  his 
Scottish  partisan  hare  fallen.  Astronomical  colculalions  concnr 
with  historical  docnmenta  to  prove  that  the  age  of  the  Sourya- 
Siddhania  coincides  with  the  year  1060  of  the  Cliristian  era. 
Hence  Varaba  who  composed  that  Hindoo  treatise,  wrote  subse- 
qoently  to  the  Arab,  and  long  after  the  Greek  astronomers. 

"  The  Edinburgh  Review  warmly  espoused  the 
dogmas  of  Bailly  and  Playfair,  and  a  writer  in  its 
first  number  affirmed  that  it  was  not  proved  that 
Varaha-Mira,  was  Varaba  the  author  of  the  Sourya- 
Siddhanta. 

"  In  the  8th  volume  of  the  Asiatic  Reeearchea,"  adds  M.  Delambre, 
"  Mr.  Bentley  establishes  his  first  assertion  on  proofs  too  long  to 
admit  of  analysis  here.  We  may  affirm,  however,  that  the  objec- 
tioas  of  the  critic  had  little  foundation,  and  that  the  mean  between 
all  the  r^;s^ltspo8aeaae^ieNet^^t(AMAi&Vl,^lQa^.cMi^»ldea^^ed  in  these 
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matters.  Moreorer,  Mr.  Bentley  confinas  bU  propontton  by  a 
number  of  new  calculations  wbicb  we  deem  it  needless  to  trBn- 
scribe."     Hiitoire  de  L'Astronomie  Ajicimne,  I.  494. 

Tbe  HindoOH  tnuupwed  their  history,  to  their  fictitious  system 
of  astronomical  epochs.  Tbis  transfer  occasioned  a  thousand 
palpable  absurdities ;  to  disguise  which,  they  were  obliged  t« 
lemonld  their  pouramu,  to  introduce  fictions,  and  propheciee  wbicb 
might  correspond  with  the  end  they  bad  in  view  ;  but  these  very 
artifices  more  clearly  display  the  folly  of  the  enterprise.  This 
system  of  antiquity,  though  fitted  in  many  respects  to  flatter  the 
national  vanity,  excited  nnmerous  reclaniBtions,  which  continued 
as  long  as  tbe  memory  of  the  ancient  order  was  preserved.  The 
necessity  was  then  perceived  of  causing  all  its  vestiges  to  disappear. 
There  is,  indeed,  a  current  tradition  that  tbe  Mabrattas  (Mahar- 
astras)  destroyed  all  the  works  of  the  ancient  astronomerB  that 
could  be  found.  '■  Finally,  it  appears  that  there  does  not  exist  at 
present  a  single  Hindoo  book,  which  can  possess  an  antiquity  higher 
than  1300  years,  if  it  makes  the  slightest  mention  of  these  enormous 
periods ;  and  that  none  of  the  romances  called  pouratuu  date 
larther  back  from  the  present  time  than  604  yeais,  while  some  of 
them  are  more  modem  still  I" 

The  opinion  therefore  entertained  by  the  Hin- 
doos about  their  antiquity,  is  founded  principally 
on  vanity,  ignorance,  and  credulity.  "Theirgreat 
geographical  treatises  are  merely  a  tissue  of  the  most 
incredible  absurdities,  of  which  we  shall  say  nothing 
else  here,  out  of  regard  to  the  honour  of  the  Hin- 
doos. One  of  them  is  of  the  5th,  and  the  other  of 
the  10th  century  of  our  era."    Ibid.  p.  500. 

In  concluding  my  survey  of  the  primeval  .world, 
while  I  readily  acknowledge  that  many  of  my  views 
are  but  partially  developed,  or  faintly  shadowed  forth, 
and  that  some  of  iJiem  may  want  confirmation,  yet  I 
trust  that  the  accordances  brought  out  between 
scientific  induction,  and  sacred  Utstof^^ax^TtTKCCaKt 
faaciful,  nor  overstnuned.  V/  eW.  avjaxe  o^  \!cifc  toss^^^ 
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resilience  of  the  human  mind  against  arguments  of 
this  nature  too  closely  pressed  on  its  acceptance,  I 
have  omitted  to  notice  in  the  progress  of  my  in- 
quiries, several  analogies  on  which  it  woidd  have 
been  not  imdeUghtful  to  expatiate.  Such  as  belong 
to  the  deluge  the  reader  will  spontaneously  recog- 
nise, on  comparing  the  graphic  description  of  Moses, 
with  my  delineation,  directly  drawn  from  pliysical 
principles.  For  a  popular  narrative  what  language 
could  be  happier  than  the  following  :•  "  The  same 
day  were  all  the  fountains  of  the  great  deep  broken 
up,  and  the  windows  of  heaven  were  opened  !"  The 
atmospheric  calm,  also,  which  prevailed  during  the 
consummation  of  the  catastrophe,  the  resulting  tran- 
quillity of  the  circumfluent  waters,  and  tlie  majestic 
buoyancy  of  the  Ark,  are  well  indicated  in  the 
record.  "  The  waters  increased,  and  bare  up  the 
ark,  and  it  was  lift  up  above  the  earth.  And  the 
waters  prevailed,  and  were  increased  greatly  upon 
the  earth  ;  and  the  ark  xcent  upon  the  face  of  the 
waters." — Genesis,  chap.  vii.  And  long  before  the 
diluvial  deflux  acquired  its  destructive  velocity, 
we  are  informed  that  the  proto-ship  was  quietly 
grounded  on  the  summit  of  a  mountain. 

I  now  dismiss  these  lucubrations,  humbly  hoping 
that  they  may  promote  the  study  of  a  new,  but 
magnificent  field  of  knowledge,  and  a  far  greater 
good  than  all  physical  science  can  bestow,  one 
which  the  finest  philosophical  spiiit  of  the  age, 
justly  declares  he  would  prefer  to  every  other 
blessing,  as  most  delightful  and  most  useful  to  lam — 
affirm  religious  belief.' 
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Plates  I.  II.  III.  IV.  and  V.,  representing  the  fossil  sheila 
of  the  successive  mineral  strata,  require  no  explanation,  as 
the  generic  and  specific  names,  according  to  Mr.  Sowerby's 
nomenclature,  are  annexed  to  each  shell.  The  mineral 
conchology  of  this  eminent  naturalist  is  a  work  of  great 
merit,  which  every  practical  geolo^t  should  have  in  his 
hands,  as  it  will  enable  him  to  discriminate  with  accuracy 
the  several  secondary  and  tertiary  formations  from  one 
another.  The  ammonites 
occur  in  all  the  formations, 
up  to  the  chalk  inclusively,  . 
in  which  they  abound.  The  | 
figure  on  the  mai^n  is  a  u 
section  of  an  ammonite,  to 
show  the  course  of  the  si- 
phancle,  or  channel  of  com- 
munication between  each 
successive  celt  in  the  spiraL  It  is  believed  that  the  mem- 
branes of  the  molluscous  animal  in  the  living  state  enve- 
loped this  shell,  as  the  sepia  and  nSntilus  do  theirs.  See 
p.  236  at  top. 

Plate  VI.  is  a  lithographic  representation  of  the  petri- 
fied stem  and  leaves  of  a  plant  akin  to  the  cactus  q/lindri- 
cus  of  Martius.     See  p.  449. 

The  fossil  was  found  in  the  neighbourhood  of  Swinridg&- 
muir  in  Ayrshire,  in  a  stratum  of  very  hard  coal-sandstoae. 
The  whole  freestone  bed  is  thickly  interspersed  with  these 
steins,  having  the  leaves  No.  4  attached  to  them.  In  the 
blocks  cut  out  by  the  quarriers,  the  leaves  are  seen  radiat- 
ing, as  it  were,  from  the  stems  in  all  directions,  to  a  length 
of  from  18  to  fully  24  inches.  TTie  stems  are  frequently 
enclosed  in  a  thin  case  of  stone,  resembling  the  bark  of  a 
tree,  with  a  surface  like  that  of  the  interior  oi^hmk,  fex-wi^ 
through  which  case,  the  leaves  pass,  \ie\n%1L\«ifcM.^«o»»*«^ 
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The  workmen  have  lately  begun  to  quarry  b  lower  btratum,        ■ 
which  is  much  softer,  and  seemingly  destitute  of  vegetable       * 
remains.     A  coal  mine  exists  in  the  immediate  neighbour- 
hood. 

Fig.  I,  Represents  the  fossil  stem  upon  a  considerably 
reduced  scale. 

Fig.  2,  Is  a  portion  of  the  natural  size,  to  show  the  sur* 
foce  figures  more  distinctly. 

Fig.  3,  Is  a  magnified  view  of  one  of  the  cicatrices 
or  scars;  whence  the  leaves  have  fallen,  witli  the  central 
umbilicated  papilla. 

Fig.  4,  Portion  of  the  stone  that  enveloped  the  stem, 
in  which  the  leaves  are  imbedded  ;  of  the  natural  size. 

a,  Corresponds  to  the  pith  of  the  stem,  nearly  in  the 
axis  of  the  fossil,  from  which  a  soft  or  spongy  matter  may 
be  extracted  by  the  fingers  from  some  specimens ;  longi- 
tudinally wrinkled  on  its  surface. 

In  the  coal-measures  immediately  round  Glasgow,  petri- 
fied cactuses  are  very  common.  I  have  one  from  Mr. 
Dixon's  coal-field,  in  the  form  of  a  compressed  stem, 
(somewhat  like  an  opunCia,)  covered  wilh  a  thin  crust  of 
pyrites,  veins  of  which  pass  also  through  iu  The  fossil  is 
attenuated  at  the  edges.  The  surface  is  areolated  with 
ovate  umbilici  disposed  in  diagonal  lines  parallel  to  each 
other.  The  umbilici  with  their  central  tubercles,  are  in 
several  cases  filled  with  carbonaceous  matter,  as  might  be 
expected  from  the  circumstance  of  the  petrified  plant  hav- 
ing been  enveloped  in  a  mass  of  cubical  coal. 

Plate  VII.  Ilepresents  the  cavern  of  Gaylenreuth,  as 
delineated  by  Dr.  Buckland. 

A.  The  entrance ;  a  passage  from  6  to  10  feet  high, 
opening  outwardly  in  a  steep  clifF,  and  expanding  inwardly 
into  the  large  chamber  B,  studded  with  stalactite  on  its 
roof,  and  stalagmite  on  its  fioor,  which  uniting  in  the 
centre  of  the  chamber,  fovnv  a  s^et\«&  o^  -^vVW, 

C.  Crust  of  sla\agra\t.e,iovm;m^aTifi\\'j  'iuvwji^v^  cvMijugj. 
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to  the  chamber  B,  bat  broken  into  patches  in  the  lower 
apartment  F. 

D.  Bed  of  diluvial  loam,  mixed  with  bones  and  teeth. 

E.  Hole  dug  in  the  mass  D,  in  exhuming  the  bones. 

F.  Second  chamber,  separated  from  the  first,  by  a  mural 
precipice. 

G.  Enormous  congeries  of  bones,  lying  among  loose 
earth  in  a  deep  cavern,  which  descends  from  the  side  of  the 
chamber  F.  H,  the  empty  vault  of  the  oavem  over  the 
bones  at  G. 

I.  Mass  of  bones  35  feet  deep,  muted  with  pebbles  and 
loam.  It  is  cemented  by  stalagmite  into  a  solid  osseous 
conglomerate,  somewhat  like  the  Mediterranean  breccia. 

K.  Well,  sunk  25  feet  into  L,  in  order  to  extract  the 
bones. 

KK.  Cavities  dug  at  the  bottom  of  the  well  K;  but  not 
perforating  through  the  breccia  to  the  subjacent  limestone. 

L.  Another  artificial  cavity  dug  in  the  side  of  I,  in 
search  of  bones. 

M.  Low  corridor  connecung  the  chambers  F  and  N. 

N.  Small  innermost  chamber,  on  whose  floor  the  well  K 
is  sunk.  Dr.  Buckland  considers  this  to  Iis«4'%een  origi- 
nally the  roof  of  a  deep  cave,  which  has  been  filled  by  the 
mass  of  bones  and  diluvium  1 1. 
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ERRATA. 

IntrviIiLctkni, page  xxxix,  line  SI,  read 

"  Grnvc  ne  rediret 
Scculiim  PjirhiE,  noia  rnonstni  ijuestiiffl" 
Ifaidcn;,  page  1,  line  'iD,  rend  "  pro'lucta;." 

Page    8+,  line  3,  read  "  its  own  account," 

—  93,  —    1 1,  /or  «  thdr"  read "  itt." 

—  125,—     0,  —   "ph< 

—  851, —     fi,  —  "  inedus" 

—  4«5,  —    16,  —  "latter"  —  "fonner. 
— le,  —  "  former"  —  "  latter.' 
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